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INTRODUCTION. 



This work is the first of a series, entitled 
Illustrations of Science, by Professors of 
King's College, London, to be published at in- 
tervals of three months, and continued until the 
circle of the Physical Sciences and the Sciences 
of Observation is embraced in it. The author 
has proposed to himself the development of that 
system of experimental facts and theoretical 
principles on which the whole superstructure 
of mechanical art may be considered to rest, 
and its introduction, under an available form, 
to the great business of practical education. 
To effect this object, and to reconcile, as far 
as it may be possible, the strictly scientific with 
the popular and elementary character of the 
undertaking, a new method. has been sought, 
the nature of which is sufficiently indicated by 
its title — Illustrations of Mechanics. The 
work consists, in fact, of a series of illustra- 
tions of the science of mechanics, arranged in 
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the order in which the parts of that science 
succeed each other, and connected by such ex- 
planations only, as may serve to carry the mind 
on from one principle to another, and enable it 
to embrace and combine the ^hole — a plan 
which leaves to the author the selection of such 
elements only of his science as are capable of 
popular illustration, and as come within the limits 
of practical instruction ; and which enables him 
to exclude from his work all abstract reasoning, 
and mathematical deduction. 

ITiroughout, an attempt is made to give to the 
various illustrations an entirely elementary and 
practical character ; and each illustration form- 
ing a short distinct article, the subject of which 
is enunciated at the commencement of it, the 
work has assumed a broken form, adapted 
peculiarly, it is conceived, to the purposes of 
scholastic instruction. 

It is an idea which presents itself to the mind 
of every man who has children to educate and 
provide for, which is a constant subject of com- 
ment and discussion, and which prevails through 
all classes of society^ that a portion of the school 
life of a boy ought to be devoted to the ac- 
quisition of those general principles of practical 
knowledge of which the whole business of his 
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subsequent life is to form a special application ; 
that there ought, in fact, to be commenced by 
him at school a common apprenticeship to those 
great elements of knowledge, on which hang all 
the questions of interest which are to surround 
him in nature, and which are destined, under 
the form of practical science, to take an active 
share in the profession, trade, manufacture, or 
art, whatever it may be, which is hereafter to 
become the occupation of his life. 

It is the object of this work, and of the Series 
of which it forms part, to promote this great 
business of practical education, by supplying 
to the instructors of youth a system of element- 
ary science, adapted to the ordinary forms of 
instruction. No one can doubt that the same 
capabilities in the scholar, united to the same 
zeal in the master, which now suffice to carry 
the elements of a classical education to the very 
refinements of philological criticism, would be 
equal to the task of instruction in the nomencla- 
ture of the physical sciences, their fundamental 
experiments, their elementary reasonings, and 
their chief practical results ; nor can it be ques- 
tioned that the ordinary intelligence of youth, 
and common diligence on the part of their teach- 
ers, would enable them to master the seciets oi 
A 4 
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the more important of the arts, and the chief 
processes of the manufactures ; and would place 
within their reach the eleriaents of natural his- 
tory, the general classification of the animal and 
vegetable kingdoms of nature, and their various 
ministries to the uses of man* 

These are elements of a knowledge which is 
of inestimable value in the affairs of life; and 
the interests of this great commercial and manu- 
facturing community claim that they should no 
longer be left to find their way to the young 
mind (if, indeed, they reach it at all) rather as 
a relaxation of the graver business of education 
than as a part of it. 

That instruction which does not unite with all 
other knowledge the knowledge of those great 
truths of religion on which rests, as its found- 
ation, the fabric of human happiness, can at 
best be considered but as a questionable gift. 
As a work of education, therefore, any treatise 
which, having for its object the development of 
principles of natural knowledge, did not point 
to the great Author of nature, would be an im- 
perfect work ; and, more than this, such a work, 
considered in a scientific point of view, would 
assuredly bear on its face a blemish ; for, were 
it not an impiety to discuss the infinite mani- 
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festadon of wisdom and goodness in creation 
otherwise than with sentiments of reverence to 
the Creator, and deep humility before him, it 
could at best be considered but £is an affectation 
and a folly. It is under the influence of this 
conviction that, in the following work, tlie laws 
of the natural world have been taught — where 
the opportunity has been presented — with a 
direct reference to the power, the wisdom, and 
the goodness of God. 

'ITie illustrations of the mechanical properties 
of matter and the laws of force are drawn pro- 
miscuously and almost equally from art and 

NATURE. 

It is not by desiffn that examples taken from 
these distinct sources thus intermingle, but 
simply because they suggest themselves as readily 
from the one source as the other — from nature 
as abundantly as from art 

An important truth is shadowed forth in this 
fact. 

There is a RELATION between art and na- 
ture — a relation amounting to more than a 
resemblance ; — a relation by which the eye of 
the practical man may be guided to that God 
who works with him in every operation of his 
skill, and mechanical art elevated from a position 
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which is sometimes unjustly assigned to it among 
the elements of knowledge. It cannot be mis- 
placed in this commencement of a work, which 
has for its object to develop tKe great principles 
of natural science, and which bears upon its title 
the arms and the motto of an institution* formed 
to unite instruction in the precepts of religious 
knowledge with the elements of human learning, 
to point out this relation. The following illus- 
tration will serve the purpose, and will assimi- 
late with the general method of the work : — 

" I take up a work of art, I examine it, I see on 
it stamped the evidence of the power and skill, 
the judgment and knowledge, of the maker: 
there is the evidence of design in it, there is 
proof of the economy of labour — its material is 
suited for its use^ and as little of it as possible is 
used^ and its form is controlled by a perception, 
however imperfect, of the beauty and regularity 
of Jbrm. ' These are things, the evidence of 
which I p^ceive in the thing itself. It matters 
not that I saw it not madcy — . that I know not 
the maker — that he has never instructed me in 
the secret of his art : for centuries he may have 
been dea,d, and may have left no record of the 
manner of his working. 

This matters not, I see plainly the desiffn with 
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which he wrought The thoughts of his mind 
rise up before mine as though I were present 
to them — stamped upon it are the traces of in- 
telligence, power, and skill, which have operated 
in its formation — invisible things — no hand 
any longer works in it — no skill has any longer 
its visible exercise in it — no name is inscribed 
upon it — no legend records for me the fact 
that there wisdom, knowledge, and power, were 
exercised — yet is the existence of these things, 
and their exercise in that work of art, among 
the most certain elements of my knowledge : — 
my reason claims for me the admission of these 
among the most certain of the things that I 
may know, deduced by no new or unaccustomed 
operation of my mind, but by processes of 
thought which I am daily in the habit of ve- 
rifying. 

Now let me take up a work of nature, and 
place it beside that thing of art. Evidence such 
as that which I have found in the artificial 
thing is to be sought only in the thing itself, 
and essentially belongs to it. I may seek it then 
in this work of nature, as in that of art, and it 
may, or it may not, be found here^ as it was 
found there. — By every mark and sign that I 
judged of that work of art I judge of this oi 
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nature — every rule, which T applied to the one, 
I apply to the other ; and the conclustoa which 
I draw from the one, with a certainty that never, 
as I know by experience^ feils me, I draw with 
equal certainly from the other. 

Is there in the work of art the evidence of 
means to an end? 1 behold the very same 
evidence in the work of nature. Is there an 
adaptation of the mateHal^ in the one case? 
there is the like in the other. Is the artificial 
thing collected and arranged as to all its ele- 
ments for a specific object, to which each ele- 
ment is made subordinate? so is the natural 
thing. Is the contrivance of the one compli* 
cated, involving many subsidiary contrivances, 
all having dieir direction towards an ultimate 
result ? so is that of the other. Does the work 
of art manifest an economy of material and of 
labour in its construction ? there is the like 
economy apparent in the work of nature- 
Subject to the adaptation of the form of the 
artificial thing to its use, and to the economy of 
terial, and the labour bestowed upon it, 
^position of its parts governed by a 
erception of beauty and of grace — 
I describe the beauty of nature? 
.y difference is, indeed, ihisj that in 
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the work of nature all these qualities exist in 
their infinite perfection — in the work of art, in 
their infinite imperfection. The evidence is per- 
fectly alike in kind, although it is the evidence 
of things infinitely remote in degree. 

With whatever certainty, then, I reason of 
the finite wisdom and power of the artificer from 
that work of his art, with the same certainty 
do I reason of the infinite wisdom and power of 
the eternal God from the works of his hand ; 
and on this evidence I declare with St Paul, 
that " the invisible things of him from the be- 
ginning of the world are manifest, being plainly 
seen by the things which are made, even his 
eternal power and Godhead." (Rom. i.20.)" 

Every work of human art or skill is a thing 
done by a creature of God ; a creature made in 
jm OWN IMAGE, and operating upon matter 
governed by the same laws, which He, in the 
banning, infixed in it, and to which he sub- 
jected the first operations of his own hands — a 
creature in whom is implanted reason of a like 
nature with that excellent wisdom by which the 
heavens were stretched forth — living power as 
that of a worm, and as a vapour that passeth 
away, but an emanation of Omnipotence — a 
perception of beauty and adaptation akin to 
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that whence flowed the magnificence of the uni- 
verse — and to conti'ol these, a volition, whose 
freedom has its remote analogy and its source 
in that of the first self-existent and independent 
Cause. 

It is from this relation between the Author of 
nature and the being in whom the works of 
art have their origin that arise those relations* 
infmitely remote, but distinct, between the things 
themselves, of which the evidence is every 
where around us. These are necessary relations • 
it is not that the works of art are made by a^y 
purpose or intention in the resemblance of those 
of nature, or that there is any unseen influent 
of nature itself upon art — the primary relatio^^ 
is in the causes whence these severally proceed^* 

Thus it is possible, that in the infinities o' 
nature, every thing in art may find its type ? 
this is not, however, necessarily the case, sinc^ 
the causes are infinitely removed, since, more- 
over, in their operation, these causes are in- 
dependent, and since nature operates upon 
materials which are not within the resources of 
art. . 

How full of pride is the thought, that in 
every exercise of human skill, in each ingenious 
adaptation, and in each complicated contrivance 
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and combination of art, there is included the 
exercise of a fiiculty which is akin to the 
wisdom manifested in creation ! 

And how full of humility is the comparison 
which, placing the most ingenious and the 
most perfect of the efforts of human skill by 
the side of one of the simplest of the works of 
nature, shows us but one or two rude steps of 
approach to it 

How full, too, is it of profit thus to see God 
in every thing — to find him working with us, 
and in us, in the daily occupations of our hands, 
wherein we do but reproduce, under different 
and inferior forms, his own wisdom and creative 
power. 

A man may thus hold converse with God as 
intelligibly in art as in nature, and live with 
him in the workshop, as he may go forth with 
him in the fields and upon the hills. And 
whilst he feels himself in those faculties of 
thought and action, the exercise of which con- 
stitute his physical being, to be in very deed a 
creature made in the image of God, he will 
not fail to be reminded that the resemblance 
once embraced with these the qualities of his 
moral being. 
If we conceive space spreading out its dimen- 
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sions infinitely, still througH all its IntenniDable 
fields does science show it to us peopled with 
matter — stars upon stars innumerable — avist* 
in which suns and systems crowd themselvesi and 
to which imagination affixes no limit* If, in like 
manner, we conceive space to be infinitely di- 
vided — as its dimensions grow before the eye of 
the mind yet less and less — still does it appear a 
region peopled with the infinite divisions of 
matter. 

On either side is an abyss — an interminable 
expanse^ through which the creative power ot 
God manifests itself, and an unfathomable 
minuteness. 

It is in this last mentioned region of the i^' 
accessible minuteness of matter that the pri^' 
ciples of the science treated of in the followiu^ 
pages have their origin. Matter is compose^ 
of elements, which are inappreciably and infi-^ 
nitely minute; and yet it is within the infinitely" 
minute spaces which separate these elements 
that the greater number of the forces known to 
us have their only sensible action. These, 
including compressibility, extensibility, elas- 
ticity, strength, capillary attraction and ad- 
hesion, receive their illustration in the first 
three chapters of the following work. The 
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(burth takes up the Science of Equilibrium, 
or Statics ; applies in numerous examples the 
fundamental principles of that science, the pa- 
rallelogram of forces, and the equality of mo- 
ments ; then passes to the question of stabilityy 
and to the conditions of the resistance of a 
surface; traces the operation of each of the 
mechanical powers under the influence of fric- 
tion ; and embraces the question of the stabilit} 
of edifices, piers, walls, arches, and domes. 

The fifth chapter enters upon the Science of 
Dynamics. Numerous familiar illustrations es- 
tablish the permanence of the force which 
accompanies motion — show how it may be 
measured — where in a moving body it may be 
supposed to be collected — exhibit the important 
mechanical properties of the centres of sponta- 
neous rotation, percussion, and gyration — the 
nature of centrifugal force, and the properties 
of the principal axes of a body's rotation — the 
accumulation and destruction of motion in a 
moving body, and the laws of gravitation. 

The last chapter of the work opens with a 
series of illustrations, the object of which is to 
make intelligible, under its most general form, 
the principle of virtual velocities, and to protect 
practical men against the errors into which, in 
a 



XVni INTRODUCTION. 



the application of this universal principle of 
mechanics, they are peculiarly liable to fall : it 
terminates with various illustrations of those 
general principles which govern the receptioDy 
transmission, and application of power by map 
chinery, the measure of dynatioical action^ and 
the numerical eflSciencies of different agents— 
principles which receive their final application 
in an estimate of the dynamical action on the 
moving and working points of a steani engine. 
The Appendix to the work contains a de- 
tailed account of the experiments of Messrs. 
Hodgkinson and Fairbairn upon the mechanical 
properties of hot and cold blast iroii : and an 
extensive series of tables referred to in the body 
of the work, and including, 1. Tables of the 
strength of materials ; 2. Tables of the weights 
of cubic feet of different kinds of materials; 

3. Tables of the thrusts of semi-circular arches 
under various circumstances of loading, and 
of the positions of their points of rupture; 

4. Tables of co-efficients of friction, and of 
limiting angles of resistance, compiled and cal- 
culated from the recent experiments of M. 
Morin. The results of these admirable expe- 
rimentSy made at the expense of the French 
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S^^ernment, are here, for the first time, pub- 
^^W in this country. 

The author has also to acknowledge his ob- 
%tions to the " Physique** of M. Pouillet, for 
^^erai valuable illustrations and drawings. 

The articles marked with an asterisk, and the 
^hole of the sixth chapter, are recommended 
^^ he omitted on the first reading. 
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CHAPTER I. 



THE INFINITE MINUTENESS OF THE ELEMENTS OF MAT- 
nOU THE POROSITY OF MATTER — ITS OOMPRES- 
ttBUJTY — ITS ELA8TI0ITT. 

The limits of observation are soon passed, and 
imagination almost as soon wearied, when we seek 
for the ultimate divisions of matter and its atoms. 

Among the many illustrations which offer them- 
seWes of the extreme minuteness of its elements are 
the following : — 

1. Globules of Blood. 

Blood, when recently taken from the body and 
examined onder the microscope, is seen to be 
composed of a transparent colourless liquid, called 
liquor sanguinis^ and certain minute globules which 
float in it and give it its colour. These contain, as 
there is every reason to believe, the principle of 
the nourishment of the body, of which the serum is 
the vehicle. This composition of the blood, which 
has been found whenever search has been made for 

A) B 
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it, we may fairly conclude to be an essenHalpari of 
the animal economy, and to extend through every 
form of living organisation, even to the lowest. 

Although called globules, they are not of a sphe- 
rical form, but either cylindrical or lens-shaped, 
and not unfrequently they are to be seen floating in 
the serum, packed together thus ^g g in groups. 

In all mammiferous animals they are circular. In 
birds and fishes their form is elongated. In man 
each globule has a diameter varying from the 
two thousandth to the four thousandth of an inch. 
Now there are creatures so small, yet visible by 
the aid of microscopes, that their whole fiving 
organisation might be included in the bulk of one 
globule of human blood ; limbs for motion, for 
defence, and to provide themselves with food; 
organs of sense and of deglutition ; sinews^ mus- 
cles, nerves: nay, a circulating medium — hlood 
composed of serum, and having its own globules of 
blood. In the milky juice — which is the blood — 
of certain plants also, as the Euphorbia and the 
Ficus, may be seen globules, like those of the blood 
of animals, but greatly less ; they are probably as 
essential a part of the vegetable as of the animal 
economy, extending throughout it, and to its minutest 
forms. 

If the imagination be not yet wearied, it may con* 
ceive each of these globules divided in respect to the 
atoms which compose it. Still the minuteness of 
the. elements of matter will never be reached ; for 
the gelatinous consistency of the globule shows that 
these its component atoms, are infinite in number. 
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% Crystals of the Cells of Plants. 
In certain portions of the cellular texture of many 
plants, as in the cells of the flower stem of the 
hyacinth, the bulb of the lily, and of the squill, &c. 
may be seen by the aid of the microscope, crystals 
regularly and perfectly formed, composed, it is said, 
of oxalate of lime. The very fact of their crystal- 
lisation proves to us (by every analogy) that each one 
of these crystals has an infinity of component atoms. 
Now, in the cuticle of the Scilla maritima, are to be 
found such crystals, one five thousandth of an inch 
in length, and one eight thousandth of an inch in 
their greatest thickness. 

3. Musk. 

It is said that a grain of musk is capable of per- 
iuming for several years a chamber twelve feet square 
vithout sustaining any sensible diminution of its 
vdume or its weight. But such a chamber contains 
2,985,984 cubic inches, and each cubic inch contains 
1000 cubic tenths of inches, making, in all, nearly 
three billions of cubic tenths of an inch. Now it is 
probable, indeed almost certain, that each such cubic 
tenth of an inch of the air of the room contains one 
or more of the particles of the musk, and that this air 
had been changed many thousands of times. Imagin- 
ation recoils before a computation of the number of 
the particles thus diffused and expended. Yet have 
they altogether no appreciable weight or magnitude. 

4. Dust of the Lycoperdon. 
The lycoperaon, or puff-ball, is a fungus growing 
in (he form of a tubercle, which, being pressed, bursts, 
anittiDg a dust so fine and so light that it floata 
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through the air with the appearance of smoke* 
Examined under the microscope, this dost, winch 
is the seed of the plant, appears under the form ef 
globules of an orange colour, perfectly rounded» and 
in diameter, it b said, about the fiftieth part of a 
hair ; so that, if this calculation be correct, and a 
globule were taken having the diameter of a hair, it 
would be one hundred and twenty-five thousand 
times as great as the seed of the lycoperdon. 

5. MfiTALLic Solutions. 

Let one grain of copper be dissolved in nitric 
acid. A liquid will be obtained of a blue colour ; 
and if this solution be mingled with three pints of 
water, the whole will be sensibly coloured. 

Now three pints contain 104< cubical inches, and 
each linear inch contains at least one hundred 
equal parts distii^uishable by the eye ; each cubical 
inch contains, then, at least one million of such 
parts, and the 104 cuUeal inches of this solution 
104< millions of such parts : also each of these mi- 
nute parts of the, solution is coloured, otherwise it 
would not be distinguishable from the rest ; each 
such part contains then a portion of the nitrate of 
copper, -~ the colouring substance. Now from each 
particle of this nitrate^ the copper may be preci- 
pitated in the state of a metallic powder — every 
particle of which is ^erefore less than the l(H 
millionth of a graia in weight. 

6. Colours produced by the Attenuation 
OF Transparent Bodies. 
The extreme cUtentMiion which may be given to 
certain forms of matter is a proof of th^ extreme 
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minuteness of their elementary particles. In the 
case of transparent bodies, there is a method of 
measuring the degree of this attenuation, founded 
on this principle of optics, <<'that all transparent 
bodies become coloured when they are formed into 
platesy attenuated beyond certain limits, and more- 
oveVf that the particular colours, which under these 
circumstances they show, are dependant upon the 
degree of their attenuation;** thus serving as a 
delicate test and measure of it, so that, knowing the 
colour^ which by being attenuated, a transparent 
body b made to show, we may know how thin it is« 

7. The Thickness of a Soap Bubble. 

It is thus that Newton has determined the top, 
which is the thinnest part, of a soap bubble, to be 
when colours are first seen in it, the *000,003,937th 
psrt, or about the twenty-five-thousandth part of an 
inch in thickness, and before it bursts to reach an 
attenuation of at least the four-millionth part of an 
iaeh. 

8. Attenuation of the Wings of Insects. 

By the same means we know that the transparent 
wings of certain insects, are not more than the hun- 
dred-thousandth of an inch in thickness, and that as 
great an attenuation as this may be given to glass^ 
by blowing it in bubbles, Until it bursts like the 
kibbles of soap. 
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The property of matter, by which it may bemadi 
to receive an extreme degree of attenuation, is e 
extensive application in the arts. 

9. The Attenuation of Gold Leaf. 

An ounce of gold is equal in bulk to a cube, eacl 
of whose edges is five- twelfths of an inch, or nearl; 
half an inch, in lengthy so that placed upon a tabl 
it would cover nearly one quarter of a squar 
inch of its surface^ standing nearly half an inch i 
height. This culie of gold the gold-beater ei 
tends until it covers 146 square feet ; and it ma 
readily be calculated^ that to be thus extended froi 
a surface of -^^ths of an inch square to one of 14 
square feet, its thickness must have been reduce 
from half an inch to the 290,636th part of an inol 
Fifteen hundred such leaves of gold placed upc 
one another, would not equal the thickness of tl 
paper on which this is printed. 

10. The ordinary Process op Gilding. 

Gilding, according to the process usually adoptc 
in the arts, presents a remarkable example of tl 
minute division, and the attenuation of which go] 
is capable. 

The following is that process. Gold is dissolve 
in mercury in the proportion of one part to iive < 
six, by placing the two metals in these proportioi 
in an iron ladle and bringing them to a boilin 
heat A half a pound troy of gold^ in minute poi 
tions, may thus be dissolved in six times its weigl 
of mercury in twenty or twenty-five minutes. Th; 
solution of gold in mercury is called an amalgan 
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It may be thickened in its consiateney by straining, by 
iXL«ans of pressure thraugb a piece of chamois leather 
through whose pores the mercury, not in actual 
union with tbe gold, escapes; or it may be diluted by 
heating again witb more mercury* Witli this amal- 
the Burface to be gilded, which h usually of 
€r or brfi^i mi to be covered by means of a 
I or otherwise ; but that an intimate cohesion 
r union of the two may take plaee, it is found to be 
kiMMiary fir^t to wash over the surface with a 
i iMjuid, technically called quic k- watery which is made 
bf dissolving about a table- spoonful of mercury 
into a (juart of nitric acid. The effect of washing 
^^ surface with this liquid is, to cover it with an 
ex(:e€dingly thin amalgam of the metal wdiich forms 
tlie surface. Although the amalgam of gold will 
n^t unite itself directly with the surface to be gilded, 
yet it will unite itself with this amalgam of the sur»> 
face, and thus by the adherence to the surface of its 
^s^n amalgam^ and of the gold amalgam to that, 
Ejoth become fixed upon it. 

If now the mercury could be removed, the par- 
ticles of gold only would remain upon the surfacCi 
and the gilding would be complete. The property 
of mercury by which it is converted into a vapour 
1^ water at the temperature at which it boils, makes 

an. easy process. 
The various^ articles thus covered with amalgam 
of gold have only to be subjected to a powerful 
kat in a kind of oven of iron specially contrived 
for that purpose, and tiie mercury is evaporated, 
nothing but the gold re main in g, and the surfaces 
being gilded. 
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A polish is usually given to surfaces thus gilded 
by rubbing them wiU^ a polished mineral known to 
chemists as black heematite, which is a natural ^eel. 
This process is called burnishing. They are usuafyt 
moreover, subjected to a chemical process called 
colouring. 

A perfetA and continuous surface of %(M is thus 
placed upon the gilded article, not the minutest 
aperture or uncovered space is perceivable in it 
with the most powerful magnifying glass or micros 
scope* Nitric acid*, if it be washed with it« witt 
find no aperture by which it may reach and attadc 
the substratum of copper or brass. But what is the 
thickness of this coating of gold ? It may be spread 
by the process i^ove described more thinly upon 
brass than copper ; surfaces of brass, when gilded, 
are said to be similored, and upon these a grain ol 
gold is commonly made to cover about 40 square 
inches : this being the case, it may readily be caU 
culated that the thickness of this coating of gold is 
about the ttHt^t^^^ ^^ ^^ \xi&\i, 

11. The oildi^g of Thread for Embroidery. 

This process is thus described by Reaumur ai 
practised in his time.' A cylinder of silver, 360 
ounces in weight t» is cased with a cylinder of gold 
at most 6 ounces in weight j: This cylindrical 

* Nitric acid will not attack gold. 

f The weights and measures spdcen of in this aztide sn 
French. 

\ A French inch equals f^ths of an English inch, and i 
French ounce %ths of an English ounce. 



OILOINO OW THRBAD FOR EMBROIDERY. 9 

of 366 ouBces of roetid is then drawn by a 
potr^fttl force through a series of circular holes' 
in a plate of steel continually diminishing « in 
diameter, until it attains the state of a wire so 
thin that 202 feet in length weigh but the sixteenth 
of an ounce: the whole length of the wire into 
which it is now drawn being 1,182,912 feet, or 
about 98^ leagues. This wire is then passed be- 
tween rollers which in the act of flattening it elon- 
gate it one-seventh, and its total length thus 
becomes 112^ leagues. The width of the flattened 
thread is now ^th of a line^ or -^th of an inch ; and 
supposing, with Reaumur, that a cubical foot of 
gold weighs 21,220 ounces, and a cubical foot of 
alver 1 1,523 ounces, it may readily be calculated 
that the thickness of this gilded thread is very 
nearly the ^-f^^th part of an inch. Now what is 
the thickness of the plate of gold which envelopes 
it? Calculating on the same principles as before, 
we readily arrive at the conclusion, that the thick- 
ness of this plate of gold is 713^35^ ^^ ^^ inch. 
Now gilded threads are made by a proqess similar 
to this, in which only ^d the proportion of gold is 
used. There is spread over these, therefore, a con- 
tmuous plate of gold less than the two-millionth 
part of an inch in thickness. The silver may be 
taken out of its gold case by plunging the 
thread in nitric acid, by which the silver will be 
attacked through the extremities of the gold case 
and dissolved^ whilst the gold will remain un- 
touched by it This being done, and the hollow 
gdd case being examined, it is found to be a 
^ectlj< continuous plate, and to possess in l\i\a 
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state of extreme attenuation all the sensible and a8 
the chemical properties which belong to the metal 
Another but less striking evidence of the minute- 
ness of the elements of matter is found in the ex« 
treme tenuity of certain natural and artificial fibres 
and threads. 

12. Tenuity op Fibres of Silk. 
The thread of the silk-worm is a perfectly smooth 
cylinder, whose diameter is from the one thousand 
seven hundredth to the two thousandth part of an 
inch. 

13. The Tenuity of Fibres of Wool. 

Each hair of wool is a cylinder of from the seve0> 
hundredth to the two thousandth part of an inch in 
thickness, covered with what appear to be over- 
lapping scales, which are laid in the direction in 
which the hair grows, and the roughness of which 
we feel when we draw our fingers along it in the 
opposite direction. 

14. The Fibre of Cotton. 

Under the microscope^ each fibre of cotton-wool 
appears to be composed of two tubular cylinders, at 
a slight distance from one another, but joined to- 
gether by a membrane. Its section is somewhat in 
the form of the figure 8. It is about the thousandth 
part of an inch in diameter. 

15. The Fibre of Flax. 

Each fibre of flax .is a fasciculus of other fibres, 
which appear under the microscope jointed and ir^ 



yiBRES OV A SPIDER*S THREAD. 11 

rc^lar. Some of these have been ascertained to be 
the two thousand five hundredth part of an inch 
in diameter. The appearance of the fibre of flax 
under the microscope is very different from that of 
cotton. It is by. this difference that the fine cere- 
cloths of the mummies have been determined, by 
Mr. Bauer, not to be of cotton fabric, but of linen. 

16. Fibres of the Pine Apple Plant. 



of these have been measured, and are as- 
certained to be from the five thousandth to the seven 
thousandth of an inch in diameter. They are per- 
fectly cylindrical, and when twisted into threads 
and woven, are said to form cloths of a very beau- 
tiful texture, and to offer a useful substitute for 
silk. 

17. Tenuity of the Fibres op a Spider's 
Thread. 

The most remarkable example of the tenuity of a 
natural fibre is, however, to be sought in the spider's 
thread, of which two drachms by weight would, it 
is said, reach from London to Edinburgh. 

It appears from the observations of Reaumur, that 
the thread of the spider results from the expulsion of 
a peculiar viscid matter through six teats under the 
animal's belly, each of which, being pierced by cer- 
tain minute apertures, not less, probably, than one 
thousand in number, yields by each of these a separate 
fibre, which fibres, uniting with one another firom 
eacl^ teat and adhering — and sometimes the ^om- 



12 ILLUSTRATIONS OF MSCHAVK& 

pound threads from different teats thus uniting — 
form those threads which we see composing the weK 
Now the head of each teat is so small as scaredj to 
be visible. What then must be the tenuity of tke 
component fibres of the spider's thread, of whieh 
more than 1000 spring from the head of each test? 



It is by reason of the exceeding fineness of nuinj 
natural threads, that they are made to minister so 
greatly to the luxury of life under those forms of 
woven tissues, for which the weavers of India wef* 
formerly, and our own manufacturers have been of 
late, so celebrated. 

18. Tenuity op Cotton Yarn. 

There is a specimen of Dacca muslin in the mu^ 
seum of the India House, of which the yarn, spun 
by the hand, was ascertained by Sir J. Banks to be 
so fine, that a weight of it equal to one pound avoir- 
dupois would extend 115 miles, 2 furlongs, 60 yards. 
When the muslin made from this Dacca yam, is laid 
on the grass, and the dew falls upon it, it is said to 
be no longer visible. The natives, in their meta* 
phorical language, call it woven air. 

Cotton yafn has been spun by machinery in Eng* . 
land, of which one pound would extend 167 miles ; 
but this has never been woven. 



There are various methods of drawing artificial 
threads and wires to an extreme tenuity. 
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19. Threads of Glass. 

^ms& Is artificially drawn out almost to the fine- 
ness of the fibre of silk. A rod of glafis is melted 
in the middle^ in the flame of a blowpipe. One 
portion is then fastened to a small wbeel^ which 
heiag turned rapidly round, the melted glass is 
(Irawn out from the other part of the rod which h 
still held in the flame. Glass tube has been thns drawTi 
fltitto the fineness of silk, and liquids have afterwards 
fe made to pass through ii* It is a remarkable 
factj that whatever was the form of the bore of 
the origmal tube, the same form is retained ia 
thi drawn tube, however great may be its tenuity. 

20. Platindm Wire. 

Wires are used in the arts as fine almost as hairs. 
There is, however, a mechanical limit fixed to the 
thinness to which a wire can be drawn^ by the force 
n^ceisary to draw it ; which force> when the wire 
iiecomea thin, breaks it This limit has, however, 
hmL greatly passed by a method of art, of which 
Ihe following is an illustration. Wishing to obtain a 
*ire of extreme tenuity to be used in a micrometer, 
t*r^ Woliaston placed a platinum wire one hun- 
^Nth of an inch in diameter, in the axis of a 
cyliDdrical mould one-fifth of an inch in diameter, 
^d cast round it a cylinder of silver. This cylinder 
^e then drew out by the common method, until n 
"^earne a wire so thin that it would no longer sus- 
*4iii the force necessary to draw it This wire of 
•^Iver, along tlie axis of which ran a wire of pla- 
^iium, he then immersed in boiling nitric acid, 
^^ yfh'wh the Silver was dissolved, and a i^UWiium 
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wire WM leparated, the three millianth of t 
in diameter; being an artificial thread ol 
140 oiiift be placed together to equal in tl 
a ibre of the finest silk. 



THE POROSITY OF MATTE] 

AU bodies have between their elements 
tides or atoms, interstices through which hec 
traies into them, and into some of them, air 
tmd other Jluids. These last are said to be i 

21. The Porosity of Wood. 

Wood b but a fascicle of tubes permeated 
is gronring by the sap. It is a common expi 
with the air pump, to make mercury pass t 
these pores of wood. The mercury being pi 
a cup, the bottom of which is a piece of w* 
transversely to the fibre, and this cup being 
tiCally fixed upon an aperture in the receive 
air pump ; when the air is extracted from 1 
it in the receiver, the pressure of the extei 
on the surface of the mercury, no longer b 
by the elasticity of the air within the r 
presses it with such force as to drive it throi 
pores of the wood. At the extremity of ea 
a minute globule is seen, and these globi 
length, descend in a minute shower of silver. 
wood is carbonised, its pores are very easilj 
by means of the microscope. Dr. Hool 
them extending through the whole length 
rood, and counted in the eighteenth of i 
50 of them; so that in a piece of cl\^t< 
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nch in diameter, there are more than five millions 
md a half of them. 

H2. Wood ceases to be buoyant when its 
Pores are filled with Water. 

If a piece of wood be subjected to a great pres- 
sure of water in a hydraulic press, or by sinking it 
deep in the sea, the water, will be driven into its 
pores, expelling from them the air, and remaining 
fixed in them by capillary attraction, the wood 
thus becomes too heavy to float. Being placed in 
the water, it will sink like lead. Boats used in the 
whale fishery have been dragged to great depths in 
the sea by the entanglement of the rope attached to 
the harpoon with which the whale has been trans- 
fixed. These, when brought to the surface again, 
have been found useless, by reason of the water 
vhich has been incorporated with them. 

23. The Porosity of Rocks. 

That many rocks are thus porous, the infiltration 
into caverns and the formation of stalactites suffi- 
ciently proves ; and it is thus in winter when, in 
the act of freezing, the water they have imbibed 
^xpandsy that their surfaces exfoliate, and they 
cnunble away. 

24?. The Porosity of Hydrophane. 

Among silicious. stones is one called hydropkane, a 
kind of agate, whose porosity causes it to present a 
Tery remarkable phenomenon. In its ordinary state 
it is only semi-transparent, but after being plunged 
in water it takes up about ^th of its bulk of it, and 
becomes nearly as transparent as glass. 
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25. Porosity op Metals. 

That metals are porous if as proved in 1661 hj 
the academicians of Florence, who submitted a . 
hollow ball of gold filled with water to a great pres- 
sure, by which the water was made to weep throagh 
the pores in the surface of the gold. Thn experi- 
ment has often been repeated. 

That all bodies are moi'e or less permeable to 
heat or porous to fluids, sufficiently accounts for the 
fact that all bodies are more or less compressible. 

COMPRESSIBILITY. 

In many bodies their compressibility is a property 
familiar to us. 

*A Sponge, for instance, by compression, gives ovtt 
the water that it imbibes, and may thus be reduced 
to one third of its bulk. 

26. Compressibility of Wood. 

Wood is compressed by passingi it between iron 
rollers to form the pins or bolts used in ship-build* 
ing ; it is thus commonly reduced to one half its 
bulk. 

A CORK immersed 200 feet in the sea, will be so 
compressed that, instead of rising when left to itself, 
it will sink. And a bottle of fresh water corked 
up and sunk a great depth in the sea, will return 
with the cork still in it as when it descended, but 
the water will be found to taste of salt. The cork* 
has in fact compressed so as to allow the salt water 
to mingle with the fresh. Having at the same time, 
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become heavy> it has sunk in the bottle, and, as the 
bottle rose again to the surface, it has expanded to 
its original dimensions, rising and re-occupying its 
place in the neck of the bottle. 

S7* COMPRESSIBILITT OF AeRIFORM BoDIES. 

Of all the different forms of matter, the aerifonn 
is that under which it is most compressible. In 
some recent experiments, a large body of air has 
been mechanically compressed by CErsted, a Danish 
pbilosopher, into the one hundred and tenth part of 
its original bulk. He used for this purpose pow- 
erful forcing-pumps originally constructed for com- 
pressing air into the receivers of certain air-guns 
belonging to the king of Denmark. It is not only 
common air that is thus compressible^ but all aeri- 
from bodies. Thus, the gas used in our streets h 
80 compressible that a sufficient quantity may be 
forced into an iron bottle of comparatively small 
dimensions, to supply a number of lights for a con* 
siderable time. The stand which supports a light, 
being cast hollow, has thus been made the reservoir, 
wbence gas was supplied to it^ sufficient to feed 
the flame for several evenings. A company was a 
few years ago establbhed for the purpose of selling 
gas under this compressed form as portable gas. It 
was conunonly sold thus compressed under a pressure 
of 4501b. on the square inch, into -^^th part of its 
ordinary bulk. 

•28. Compressibility of Water. 
The. compressibility of water was long disputed. 
The question has lately, however, been set com:- 
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pletdy at rest by the experio(tents of GSrstcd.* The 
apparatus used by him was that represented in 
the accompanyiog figure ; A B C D is a strong glatf 
fg^ cylindrical vessel^ having firmly 

IL- -g- ^- affixed to it at the* top a cy- 
linder of smaller dimensions of 
metal, AB F B, in which is move- 
able, by means of a screw, an 
1 air-tight piston K. M is a glass 
f bottle, into the neck of which b 
^ fixed^ by grinding^ one extremity 
of a capillary tube aa, which is 
open at both ends. The bore of 
this tube must be extremely fin^ 
and the precise fraction of tbi0 
contents of the whole bottle> 
which each inch in length of 
its bore will hold, must be as*^ 
certained with great accuracy. 
This is- done by weighing the 
quantity of mercury which the 
bottle will hold, and the quan- 
tity which an inch of the bore 
of the tube will hold. What- 
ever fraction the one weight is 
pf the other, the same is evi- 
dently the contents of one inch 
of the tube of the content of the bottle. In some of 
the tubes used by CErsted, each inch in length was 
found to hold 80 miUionths of the contents of the 
bottle. Let us suppose these to have been the tubes 

• Transactiotis of the Royal Society of Sciences at Copen- 
hagen, 1818—18^22. 
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mtli wli 1 c h h is e xperi men ts were mad e * Let now the 

bottle and tube be conceived to be filled witb water. 

Any pressure exerted upon thb water which will 

bave caused Its surface in the tube to descend one 

inch will have compressed it by 80 milUonths of its 

bulL DivisioDS were, however^ marked upon a 

fcale annexed to the tube :4\jth of an inch apart 

A depression of the water in the tube through any 

J&fie of th<pse divisions would therefore indicate a 

ompre.ssion of two niilliontljs. But how is this 

lompresaion to be produced ? The bottle, and its 

ijjparatus, are to be introduced into the glass vessel 

ABCD, the part AEFB having been screwed oW 

rtei admit tliem* This vessel is then to be filled 

pith water, and the cylinder AEFB is to be re- 

plftc( d, its piston K having been first screwed down 

to H. This piece being firmly fixed, and the pi^ 

teti then screwed back towards its position K, 

water will be drawn into the vessel by the syphon 

BP, wiiich communicates with a vessel of water Q, 

When it is full a cock closes the communication of 

ibe syphon with the vessel, and the piston K being 

Bcrewed back again^ or downwards, the pressure 

beginap 

From the piston and the water in the vessel the 
pressure is propagated through the tube aa to 
the water in the bottle ; and the presBiire thus pro- 
duced within and without the bottle is precisety the 

But how is this prei^sure to be measured P By 
litis simple contrivance; — N ia a glass tube, closed 

* By the law of the ^ual distribution of fluid pressure. 
&e Meehuni^ apjdied to the Arts, Art. 343. 

" c 2 
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at the top and open at the bottom, and equal' di 
sions are marked along it. This tube, being load 
by a rim of lead at the bottom, is immersed in 1 
water of the vessel, in its inverted position, at i 
same time that the bottle and tube are introduc 
And when the pressure is applied, the air whicl 
contains is compressed continually into a less s 
less bulk^ the diminution of its bulk being precis 
proportional to the pressure.* Thus, by observ 
the degree to which the air is compressed in 1 
tube, or the height to which the water is raised 
it^ the pressure which the screw is exerting and 
water in the bottle sustaining, is always known. 
Since the whole vessel as well as the tube i 
bottle are filled with water, a question arises ho\ 
the descent of the surface of the water in the t 
a to be distinguished? Some separation m 
evidently be made between the surface of the wj 
in the tube a a, and the water in the vessel wh 
presses upon it. To produce this separation, wl 
the tube is sunk, care is taken that it shall not 
completely full of water; and to keep in the air wh 
thus occupies the top of the tube, and cause it 
make a permanent separation between the wj 
within and that without the bottle, a funnel-sha; 
glass vessel p, open at the bottom and loaded roi 
its lower edge, is inverted over it. This vesse 
thus, when the instrument is sunk, nearly filled ^ 
air, which by the pressure is made continually 
occupy a less and less space, and driven into 
tube, so that when the water of the vessel at len 

* By Marriotte*s law, afterwards to be explained. 
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mches the top of the tube and enters it, there 
intervenes between it and the water already within 
the tube, a column of compressed air, forming a 
separation of the two, which may easily be seen 
without. 1 1 are -cork floats, attached by strings for 
the convenience of removing the apparatus when 
the experiments are completed. 

The experiments of CErsted, made with this 
apparatus, not only establish the fact of the com- 
pressibility of water, the water sinking in the tube 
about half an inch for each additional pressure of 
an atmosphere ; but they ascertain its amount by 
the methods explained above, to be 46-j^ millionths 
of its bulk for each such additional pressure of one 
atmosphere or of about 15 pounds the square inch.* 
Thus for each additional equal pressure the water is 
compressed by the same fraction of its bulk. This 
is a remarkable law, which is found to govern the 
compression of all other bodies. 

The same method applied by CEfstcd to the com- 
pression of water, manifestly enabled him to com- 
press and measure the compression of any other 
liquid. For that purpose, he had only to cause that 
liquid to replace the water in the bottle and tube. 
Table I., in the Appendix, presents the results thus 

* Hie pressure of an atmosphere on any sur&ce is a pres- 
me equal to that which is exerted upon it by the weight of 
the air: the pressure of two atmospheres is twice the pressure of 
the air, and so on. This pressure of the £dr upon any surface 
is eqidvalent to the weight of a column of mercury having a 
base equal in size, to that surface, and a height equal to the 
hogjit at which the barometer stands. Its mean value is 15 
pounds to the square inch. 

c 3 
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obtained- Beneath them are results suiiilarly o 
taiaed by Messieurs Colladoti and Sturm* 

Out of the great and uneT^plained difference t^ 
tween these results of Colladon and Sturm 
those of C£ rated, has arket] an interesting discii 
sion as to the correction which should be made fc:^^ 
the compression of the substance of the tube sum 
bottle by reason of the pressure which they austai 
within and without* M. Pojsson (Mem* Ac, Sci-* 
1827, 1S28,) lias arrived at the theoretical condu- 
a ion, that by this compression the capacity of th& 
buttle is diminished; and he has given a very simple ^ 
rule for the correction. CErsted denies, howeveri ■ 
the accuracy of this correction- He states, indeed, 
the fact altogetJier inconsistent with it, that the re- 
cession of water iu the capillary tube is invariably 
about 1^ millionths greater when bottles of lead 
and tin were used instead of bottles of glass, 

*29. The Compression of Solids by Q^rsted'sI 
Apparatus. 

The method of CErsted lends itself to direct ex* 
perimentfl on the compression of solid bodies, Te 
determine the compression of a solid under any 
given pressure it is placed in the bottle M, the tube 
being taken out to admit it. The bottle is then 
filled with water, the tube replaced ^ and the whole 
subjected to the pressure of the screw, under the 
same circumstances as before* The descent of the 
column of water in the tube shows the joint amount 
of the compression of the water and the solid. 
Jie amount of the compression of the water 
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Ia luiowii by the preceding ciLperimentfl; that of Ih^ 

lOlid^ then, ii emUf found. 

*30, The Adaptation of CErsted's Apfaeiatus 
TO High Pressures, 

Wishing to try the effect of higher pressure in 
fik^ eoinpression of air thau could with safety be 
Applied to the glaiis vessel, C£ rated replaced it by 
f>ue of metal 

Now, however, the vessel being no longer trans- 
ptrcQt, it became necessary to contrive some me- 
thod by which the pressure produced by the screw, 
and the degree of compression of the air> might 
register themselves permnnentty^ so that they might 
be read off, when the apparatus was taken out of 
the TesseJ, 

This peruianent registration of the pressure was 
effected by uj^ing, instead of the large tube N, a 
smaller tube expanded at its closed extremity into a 
bulb, and having a short column of mercury sus- 
pended in It, ou whose surface floated an index, to 
^bich was affixed a hair spring, pressing it against 
the side of the tube, so tliat the index would stick at 
the extreme point to which the mercury might have 
raised it, when the latter should agmn recede.* 

By the position of this index j when the appa- 
ratus was taken out, the extreme pressure which the 
screw should have produced would evidently be 
known* To subject the air, on which the experi- 
ment was to be made, to this pressure^ and to 
me^nre the amount of its compression, the inge* 

* This contrivance is the same with that in Sii^'i Belf-TC|j;^ 

c i 
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Jig. 2. nious and simple apparatus shown in tlie 
iy^<^ accompanying figure was used. FGHf 
n ^p' is an open vessel containing mercory; 
A B C D E a glass vessel drawn out into a 
slender tube E D, which is turned down- 
wards, as shown in the figure. This 
vessel, whose only opening is at £) v 
made to coqtain the air on which the ex- 
periment is to be made, and is then sunk 
K in mercury in the position shown in the 
figure ; and in this state the whole is plunged i» 
the receiver, ACDB, of the compressing app»* 
ratus, (Fig. 1. p> 18.) The pressure being theB 
applied, its eflPect is to drive the mercury up th« 
tube E D, and into the vessel C B, compressing th* 
air above it, and falling to the bottom of that vessel 
When the pressure is withdrawn, only that portiol^ 
of the mercury which is contained in the tube EI7 
will return, and the volume of that contained in the 
vessel D C B A being added to the volume of this 
which was contained in the tube, will equal the 
volume by which the air was diminished during 
the experiment, as shown by the maximum pres- 
sure of the index. CErsted thus compressed air 
into ^th of its original bulk, and measured 
the pressure, which he found to be just 65 times 
the ordinary pressure of the atmosphere. And 
in a number of other similar experiments^ he 
founds that by however many tinges he wished to 
diminish its bulk, by exactly sa many times was it 
always necessary to increase the pressure upon it, 
or in other words, that the compression was always 
proportional to pressure applied ; twice the ordi- 
nary pressure upon the air producing twice the 
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mpression ; three times, thrice the compression ; 
is relation of the compression to the pressure is 
lied that of perfect elasticity. It is not peculiar 
the air, but is common, within certain limits of 
essure, to all aerial and solid bodies, and it ap- 
iars, from the preceding experiments of OBrsted, 
) all liquid bodies. 

ELASTICITY. 
• 31. Marriotte's Experiment. 

The perfect elasticity of air was first proved by 
/jr. 3. Marriotte. The following is (with 
a slight variation) his experiment. 
ABC (^fig. 3.) is a curved cylindri- 
cal tube, graduated in equal parts^ 
closed at C and open at A. 

Let mercury be poured into this 
tube, so as to occupy a portion, HBF^ 
of it, towards the open end A^ whilst 
the rest, FC^ contains air. 

Let this tube now be laid flat on a 
perfectly horizontal table, and let the 
division which separates the mercury 
and air be observed. Place it then 
in an upright position, and again ob- 
serve the division at which the mer- 
cury and air are separated ; and more- 
over, the whole height of the column 
of mercury above the level of that 
division.* When the tube was laid 

* Tbiu, if the division of the air and mercury stand at any 
ant F, in the shorter branch, it is the height of the column 
6, which is abor^ the level o£ F, that is to be measured- 
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flat, the mercury was supported entirely upon 
its sides, and did not press at all upon the air, so 
that the space occupied by the air was that which 
it would occupy out of the ticbe, or in its natural 
state, that is, under a pressure equal to that of the 
barometric column • ; but when it is placed in an 
upright position, the weight of the whole colurori 
of mercury, above the level of the common surface 
of the air and mercury, presses upon the air. The 
air is therefore pressed more than in its natural state 
by the weight of this column ; and it is compressed^ 
and the amount of the compression is easily meft- 
sured by a comparison of the length of the tub« 
which the air now occupies, with that which i^ 
occupied when it was laid flat Now, suppose tha* 
the height of the column of mercury above the lev^^ 
of its division with the air, to equal the height oi 
the barometric column at that moment. The na^ 
tural pressure upon the air equalling the weight of 
this column, and an artificial pressure of the same 
amount being added to it^ the whole pressure upon 
the air in the tube will be double what it was 
before. Now it will be found, that under these cir- 
cumstances, the space occupied by the air will be 
halved; and if, in like manner, the column oj 

* By the pressure of the barometric column is here mearn 
the weight of the column of mercury as it would stand at thi 
time of the experiment in a barometer whose tube had the samt 
diameter with that used in the experiment The column ii 
the barometer being supported by nothing but the air, is greatei 
. as that pressure is greater, and less as it is less ; its weight it 
exactly equal to the pressure of the external air on a surfiio 
(equal to the base of the column; 
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m^rcurj in the tube had been made equal to twice 
the barometric column, so as to triple the whole 
pressure upon the included air> then the space 
.oecupied by it would be reduced to one third ; and 
generadly» it will be found that if the whole pres- 
sure upon the air be l)y these means increased in 
any proportion^ the space occupied by it will be 
diminished in a like proportion. 
Moreover, by inverting the position of the tube, 
fis-^ as in^^. 4. we may diminish the pressure 
^A. upon the included air, instead ot in- 
creasing it, and this diminution of pres- 
sure will then just equal the weight of 
>^'the column of mercury, FA, which is 
suspended beneath the level of the sur- 
face F, which separates it from the air. 
So that if this column equal in height 
one half of the barometric column, then 
the pressure upon the air will be di- 
minished one half; if it equal two thirds 
the barometric column, then the natural 
pressure will be reduced to one third, &c. 
Now in these cases it will be found that the 
space occupied by the air will be doubled, 
tripled, &c. So that in general, the pres- 
sure upon air, whether it be more or less 
condensed than in its natural state, is in- 
versely proportional to the space it occu^ 
ies. This is called the law of Marriotte.* In all cases, 

* It is a necessary precaution to the accuracy of this expe* 
nenty that the air should be perfectly freed from moisture 5 
» presence of water materially affecting the conditions of its 
sticitj. To dry it perfectly the tube should be heated^aad 
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the air when released from the pressure applied to 
it, instantly recovers its original bulk ; the force 
with which it tends to recover that bulk, being, in 
fact, that which must be overcome to compress it. 
This property is not peculiar to aeriform bodies. 
CErsted has proved it of water and other liquids, 
enumerated in the table I. in the Appendix. It 
appears, indeed, that aeriform bodies are but liquids 
under a diminished state of pressure ; so that by 
increasing the pressures upon them very greatly» 
they may be all made to assume a liquid form. 

32. The Elasticity op the Metals. 

With the elasticity of metallic bodies every one 
is conversant. It is a property which, as it belongs 
to steel, iron, and brass, contributes eminently to 
the resources of art, and ministers largely to the 
uses of society. Were it, indeed, not for this pro* 
perty^ it would be in vain that the metals should 
be dug out of the earth and elaborated into variouf 
utensils. Infinitely more brittle than glass, the] 
would immediately be - dashed to pieces by th< 
slight shocks to which every thing is more or les; 
subject ; a shower of hail, or even of rain, wouU 
be sufficient to indent * their surfaces, and the im 



then for several days made to communicate with a vessel con 
taining muriate of lime, or some other substance which extract 
from the air its moisture. 

* It will be shown in a subsequent part of this work, tba 
the force which accompanies the impact of a body, is in its na 
ture infinitely greater than any force of that kind which we ca] 
pressure. Now of the class of forces of pressure, are thos 
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pact of the minute particles of dust blown against 
them by the wind would be sufficient permanently 
to destroy their polish. 

S3. The Law of the Elasticity of Metals. 

The force with which metals, when extended or 
compressed, tend to recover their fomty that is, the 
force necessary to keep them extended or .com- 
pressed, is proportional to the amount of the ex- 
tension or compression they have received. 

Thus double the extension or compression of the 
same body requires double the force ; triple, triple 
the force ; quadruple, quadruple the force. Simi- 
larly, one half the compression or extension, or 
one third of it, or one fourth, requires one half, one 
third, or one fourth, the compressing or extending 
force. 

This is the law which constitutes perfect elasticity, 
and which has been shown to belong to liquids and 
gases. It was first accurately proved in respect to 
metal wires by S. Gravesande. 

34. Experiments of S. Gravesande on the 
Elasticity of Wires. 

The apparatus, used by S. Gravesande is repre- 
sented in the accompanying figure. The wire^ 
whose elasticity was to be determined, was extended 

eohesions which hold. together the particles of solid bodies. 
Fhese therefore of necessity yield to any force of impact ;. and 
wot it not for the force of elasticity by which the displaced 
Mffticles recover their positions, any such force of impact would 
•rodooe a permanent indentation. 
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between the two fixed points A and B. A ligbt ' 
scale-pan^ C» suspended from a silken thread C H» 
was hung upon its middle point H ; and to balance 
this scale-pan, a continuation of the silken thiead, 
which suspended it, passed over a pullej P, and 
supported a counterpoise^ The pulley P carried an 
index P G, pointing to equal divisions on a dial 
plate. Exceedingly small weights were placed In 
succession, and very gently, in the scale-pan^ and 
the deflexions of the wire produced by these were 
observed by the motion of the index P G- Thi» 
deflexion of the wire being thus known, and also 
the distance A B, in a straight line, between it^. 
extremities, its length A H B corresponding to eaoi^ 
such deflexion, became known by easy rules of 
geometry. The difference between this length and 
its original length was its elongation. It will te 
observed, that the weight in the. scale-pan is not 
exerted in the direction of the lengtJi of the wires 
nevertheless it does produce a certain strain or 
tension in that direction ; now the amount of thb 
strain, exerted in the direction of the length of the 
wire, can be determined by a very simple rule of 
mechanics, to be explained hereafter (see Paral- 
lelogram of Forces) ; and it is this strain or tension 
vhlch was to be compared NvitibL \h& e\&ii!^t.\Qii of 
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iihe wire. It resulted from the experiments of 
Gravesande, that this strain was exactly proportional 
to the corresponding elotigation. 

35. Elasticity of Ivory. 

The elasticity of ivory is sufficiently shown by 
tile impact of billiard-bails. The following expe- 
riment presents it, however, in a yet more striking 
form. Let an ivory ball be let fall perpendicularly 
upon a smooth and hard plane — of stone or metal 
for instance — which has been first rubbed over 
'with oiL It will be seen to rebound vert/ nearly to 
the height from which it has fallen; the cause 
which has interfered with its re-ascent exactly to 
that height being the resistance of the air. Now 
let the spot where it has struck the plane be exa- 
mined; the traces of the impact will be seen in the 
oil) not at a point only, as would have been the case 
^ the surface of the ball not yielded at the instant 
of impact, but over a considerable surface, which 
is greater as the ball is allowed to fall from the 
greater height Thus whilst by the rebounding of 
the ball its elasticity is shown, by this mark on the 
oil, its compression, or the flattening of its sur- 
&!e at the instant of impact, is proved. Balls of 
wood, stone, glass, and metaU present the same 
phenomena as those of ivory. 
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36. Elasticity of Torsion. 

If a wire be twisted, it will tend to recover its 

iiatoral state, with a certain force which is called 

"*"| its elasticity of torsion. The law of this force is 

'^1 this, that it is alwajs proportional to the angYe 
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through which the body has been twisted. This 
property may be shown to result from that other 
universe^ property of bodies by which any portion 
of them being displaced within certain limits, tends 
to return to its position with a force proportional 
to the displacement, and indeed it proves that pro- 
perty. — (See Moseleys Mechanics applied to the 
Arts, Art 199., &c.) It exists not only in bodies 
such as steely brass, wood, &c., with whose elastic 
properties we are conversant but more or less in 
all bodies. 

37. Coulomb's Torsion Balance. 

From the facility with which metal wires and 
threads of various substances may be twisted, and 
the perfect 'regularity and precision with which they 
tend to return to their former positions with forces 
proportional to the angles of torsion ; they have com^ 
to be used for measuring certain forces too minute 
to be estimated by the ordinary methods. Coulomb 
was the first to make this application of the elasti-^ 
city of torsion : by means of it, he succeeded in 
determining, by direct experiment, the laws which 
govern the variation of magnetic and electric forces ; 
and it was by means of the torsion balance that 
Cavendish afterwards detected and measured the 
almost evanescent attraction of gravitation in balls 
of lead 

The torsion balance consists of a stand T, sup- 
porting a hollow vertical rod ST, which, in the 
balance of Coulomb, was of pewter, that all mag. 
netic and electric influence might be avoided. On 
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J^^^^' this rod there are two sliding 

pieces C A and S P ; the lower 
of whicli carries a plate Aj with 
a circle divided like a dJai-pJate 
upon it ; and the upper, a piece 
Pj to which the torsion wire 
or thread is to be fixed. "N h 
a small bar-piece, with a screvv^ 
which clips the extremity of the 
-V 'ft' ire whose torsion is to be 
^^ eitperimented on, to which a 
IT^tiigJit, or an indexj or both, may be attached* 

The following were the principal results obtained 
"J Coulomb : — 

7%e itnre^ being loaded with different wdghtsy 
I Mt rest in the same position of the indej^:. Tliat 
% by adding to the weight borne by the wire, or 
^ig away from it, the indeit was always made to 
t^t in a different position, 

% The oscillations of the index were isochronous. 
That is, when the index, being deflected from its 
position, was then left to itself, it always returned 
to tbat position again in the same timcj w hether the 
<feflection was great or small ; in the one case mov- 
it^g faster, and in the other slower, precisely in the 
PttJportion n e cessa ry 1 o pr est rv e th is equality of tim e 
Of isoclironisra. 

It appears from the theory of dynamics, that 
Ibis one observed fact is sufficient to establish the 
principle, that the force loith which the wire tends to 
^^ni is proportional to tfie angle of torsion^ so that, 
observing the angles tlirongh which the index is 
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twisted by the action of different forces, we cas 
compare the forces : this is the use of the balance. 
The isochronism of the oscillations onlj obtains, 
however, within certain limits of torsion ; thus, if a& 
iron wire, so slender that six feet in length wdgh 
but five grains, and nine inches in length, be de: 
fleeted, its oscillations will be isochronous so long 
as they do not exceed half a circumference. Butu 
it be deflected through three circumferences, sq as 
to oscillate at first through six, then the osdllattooi 
will be slower by about ^^^th than before.* 

38. The Elasticity of Lead and Pipe-clat. 

Experiments similar to the above, made with wires 
of lead and thin cylinders of />2pe-c/a^, showthatthese 
and many other substances, apparently yielding and 
inelastic, possess, in reality, elastic properties as poP* 
feet as those of steel. A wire of lead, for example^ 
one fifteenth of an inch thick and ten feet longi 
suspended as in the experiments of Coulomb, and 
twisted, being let go, oscillated isochrofumsfyy shoW' 
ing that the force was proportional to the angh ci 
torsion, and, therefore, that the elasticity of the sub* 
stance was perfect. A similar experiment with ft 
thin cylinder of pipe-clay gave the same result* 

* S. 7%e wire betny loaded with different weights, the ii$iut tf 
isochronous osdUation were as the square roots of these weights, 

4. The lengths of wire being different, tfte times were as th* 
square roots of these lengths. 

5. The diameters of the wires being different, the ftmef iMn 
as the square roots of these diameters. 

In all these cases the oscillations are supposed to be sniflll 
enough to be isochronous. 
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89. The Torsion of Bars of Iron. 
Whilst a wire of small diameter, a few inches or 
e^en a few feet long, may be in a degree homo- 
geneous, this quality is not to be expected in a bar. 
Thus the conditions of torsion, which in a wire 
are so simple and uniform, become in a bar com- 
pHcated and anomalous. In the Appendix to this 
work will be found tables containing the results of 
experiments on the torsion of bars, made by Mr. 
Banks, Mr. Dunlop, of Glasgow, and M. Duleau. 

40l Elasticity a common Property of Aeri- 
form Bodies, Liquids, and Solids. 

That aeriform bodies, liquids, and solids, should 
possess, in common, the property of elasticity, may 
appear to us the less singular, if we consider that 
these are but different forms under which the same 
body may exist subject to different conditions of 
Iteat* 

Steamy for instance, an ahiform * vapour, con- 
denses into liquid water, a certain abstraction being 
made of its heat ; and thid water, by another reduc- 
tion of temperature, becomes solid ice. And, to 
take an example of this process of transition in the 

* Steam, in an entirely uncondensed state, appears strictly 
under the form of an air : it is perfectly clear, colourless, and 
tnnspaient, and may be seen in tliis colourless transparent state 
in Ihe bubbles of steam which ascend in a vessel of boiling 
water from the bottom, where they are generated. It is when, 
ooming in contact with the lur, the steam begins to condense, 
that it assumes that cloudy appearance which we usually t 
date with our idea of steam. 
D 2 
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opposite direction, a solid metal becomes a liquid 
by a certain addition of heat ; and a yet greater 
intensity of heat vokttalises it. When the partial 
abstraction of heat is aided by a powerful pressure, 
a permanent aeriform body or gas may be converted 
into a liquid. 

41. The Liquefaction of the Gases. 

This interesting experiment was first made by . 
Faraday. Two chemical substances, from which} 
when Jbrought together, the gas to be liquefied 
would be liberated (concentrated sulphuric acid and 
carbonate of ammonia, for instance, when carbonic 
acid was to be liquefied), were made to occupy op- 
posite extremities of a bent glass tube, which, vas 
then hermetically sealed. * By inclining this tube, 
the two substances were then brought together, and 
the gas evolved with immense force; and, being held 
compressed within the narrow chamber of the tube^ 
was seen to assume a liquid form in the opposite leg 
of the tube to that in which the two substances 
mingled. 

In some experiments, the gas to be operated 
upon was made to occupy a portion of the tube se- 
parated from the rest by a drop of coloured fluid* 
In the other portion of the tube, carbonate of am« 
monia and sulphuric acid were placed in small ex- 

* Care was taken to introduce the acid by means of a long 
capillary funnel, so as not to wet with it that portion, of tlit 
tube into which the neutral salt, or other substance from whidi 
the gas was to be liberated, was placed. When this precautioB 
was not taken, the disengajgement of gas prevented the tubt 
from beinff effectually i 



panded chamberft apart. The tube was then sealed, 
— the acid and salt were brought together by in- 
ciining tJie tube — the liberated carbonic add gas 
drove the drop of fluid before it, compressing the 
fas included at the opposite extremity of the tube 
mitil it liquefied it The condensation was assisted 
'by artificially cooling that extremity of the tube 
where it was to take place. • 

Table 11., io the Appendix, states the pressure 
in atmospheres, arid the temperature at which the 
liquefaction of the gases enumerated in it took 
place. 

The liquefaction of carbonic acid gas is now pro- 
duced by means of powerful forcing-pumps.f 

When the pressure is removed, the liquid re- 
aaaumes its gaseous form ; and the gas being allowed 
l(J escape, the jet, in the act of expanding itself, so 
depresses Its temperature as to congeal at a temper- 
ature lower than any other known to exist, 

* Tlie specific gravity was measured by introducing, before 
itc tube was sealed^ minute bulbs of glass, whose specific gra^ 
lity bad been before determined by observing in what fluids of 
born specific gmvity they would float The degree of prcs- 
lUTfi vas measured by a contrivance ijitnilsir to that used in 
CEmed's experiments (page 20. ), the tube bcin^ here, of course, 
ticeedingly minute, drawn over the hlow-pipe. 

t Sir H, Davy found that by a gi^en accession of temper- 
tuie the expansive power of gas in a liquid state was much 
"wre inereated than by an ^quol addition of heat to gas in a 
faseejua state. He found, for instance^ that the expansive furce 
^Hf^oid carbonic acid at J ^o F. was increased by an accession of 
^ of temperature from 2^0 atmospheres to Sti* He conceived 
^e idea, tliat by reason of this property the expansion of the 
hquvfied gases might with advantage he used as a moving power 
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CHAR II. 
THE STRENGTH OF MATERIALS. 

THB FORCES PRODVOINO EXTENSION QB OOICPRMBOK 

THE LIMITS OF ELASTICITY. RUPTURE*— IB* 

STRONGEST FORMS OF OAST-IRON REAMS AND OOIiUMSi* 

WOOD AS A MATERIAL IN THE ARCHITEOTUBI 0' 

NATURE. THE MECHANICAL PROPERTIES OF tf^ 

TALLIC SURSTANCES AS AFFECTED BT THEIR I** 
TBRNAL STRUCTURE. ] 

There is no form under which the property of tb^ 
elasticity of matter offers itself to our notice fraug^ 
with more interest or importance than as it affect* 
the strength of the materials of construction. 

All these are necessarily subjected, in the uses t^ 
which they are applied, to various degrees of pre^*^ 
sure ; and it becomes a matter of great importance 
to know, in ^^ first place, how far they will lengthei^ 
themselves under a given strain, or compress 
themselves under a given thrust * ; in the second 
place, how far this strain, or thrust, may be carried 
without rupture. 

With regard to the amourU of the extension of 
materials under given strains, it is to be regretted 

* A bar oi a timber is said to suffer a ttrain when the fonet 
which act upon it tend to Ungthen it, and a fAnut when they 
tend to eompret* it. 
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tliat few direct experiments have been made ; and in 
respect to the amount of their compression under 
given thrusts (it is believed) none. * 

4«2. The Extensibility of Iron and Wood. 

It appears hj the experiments of the engineers of 
the Pont des Invalids, made with every precaution 
apon the direct strain of bars of the best wrought 
iron, that they increase their length by about 82 
miUionths under a load of one ton upon the square 
inch, 

M. Vicat, from experiments made with a view to 
the use of iron in the construction of suspension 
bridges, found that, when formed into bundles 
firady bound together, or cables, as they are called, 
iron loire was much more extensible than bar iron, 
Uidfhat it was the more extensible as it was thinner. 
Its elongation varied from 85 to 91 millionths for a 
load of one ton per square inch. 

That a fascicle or bundle of wires, having together 
a section of one square inch, should be more ex- 
tensible than an iron bar of the same section, and 
that such a fascicle should be more extensible as the 
wires which compose it are thinner^ are exceedingly 
interesting facts, inasmuch as it will hereafter be 
^own that, under the same circumstances in which 
iron is thus more extensible, it is stronger. So that, 
on the whole, we arrive at the conclusion that iron 
acquires in a remarkable degree that quality which 
we understand by toughness, by being thus drawn 
out into wire. 

The elongation of oak is about 14 times greater 
thm that of bar iron under the same load o 

D 4f 



40 ILLUSTRATIONS OF MECHANICS. 

ton per square inch. According to Tredgold, bar 
iron will bear to be elongated by the xrW^ P^ 
or by 714 roillionths of itself, without permaneirt 
alteration of structure, or injury. Cast* iron and 
brass admit of an extension slightly greater; but 
the woods ash, elm, mahogany, fir, oak, and pine, 
may with safety be extended more than three times 
as much, according to the experiments of Barlov. 
Of all the woods, larch and beech appear to admit 
of the least extension without injury. Tables wifl 
be found in the Appendix, containing the results of 
the experiments from which these conclusions have 
been drawn. (See Table III.) 

43. The Extensibility of Bar Iron wh£n a^ 

PR0ACHIN6 A StATE OF RuPTURE. 

MM. Minard and Desormes suspended weigb^ 
to bars of iron varying in section from '12 to 1*6^ 
parts of a square inch, until they broke. All the bal^ 
were 7*874 English inches in length, and the mea^ 
of 25 experiments gave ^^th part as the elongatiof^ 
due to a load of 15 tons the square inch, y^^th tc^ 
18 tons, ^th to 20 tons, and ^yh to 23 tons; 
25 tons per square inch produced rupture. Thus, 
whilst approaching a state of rupture, each addi- 
tional ton weight per square inch produced a much 
greater elongation of the bar than in the com- 
mencement of the extension. Then it produced an 
elongation of but 714 million ths; but when the 
load, as in these last experiments, is augmented to 
15 tons per square inch, each additional ton, up to 
18 tons the square inch, produces an elongation of 
2«500 millionths ; from that load to 20 tons the square 
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inch, of 5,000 millionths ; and from that load again 
to 23 tons, of 10,000 millionths.* 

Now it cannot be doubted that, before the elon- 
gation of the bar, all the parts of it were per- 
fectly elastic. How, then, is this subsequent de- 
viation from the law of perfect elasticity to be 
explained ? By the fact, that all the parts of the 
bar, by reason of their different densities, and the 
different circumstances of crystallisation to be found 
even in wrought iron, are not equally extensible^ 
and that the material of the iron has been internally 
raptured, and its cohesive power, in many con- 
cealed parts, destroyed long before it attains a state 
of actual rupture. 

According to the experiments of M. Lagerfajelm, 
made in Sweden in the year 1826, the most ductile 
Swedish bar iron elongates the i^^th part, or nearly 

^th of itself^ before it breaks. 

« 

4f4. The Volume or Bulk op an Iron Bar, and 
or A Coffer Wire, are increased in the 
Act of Extension. 

M. Lagerhjelm found that, before it broke, the 
iron of a bar subjected to extension had diminished 
its sectioD to the 722th part, and its specific gravity 
by ^Jijth part, and therefore increased its bulk by 
^liithpart. 

. M. Cagi!iard de la Tour enclosed a copper wire 
in a long tube filled with water, and then subjected 

* It is remarkable that the elongation thus produced by 
eieh n^^t^in^al ton per square inch, in the state approaching to 
mptiire* varied in these experiments in geometrical progrc»- 
naD, each being double of the preceding. 
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it to extensioiu Having allowed time for the effect 
of the heat given out by the extension of the wire 
to pass away, he found that more water was dis- 
placed by it after extension than before; showing that 
its volume had increased in the act of extension. 

45. The Theoretical Variation in the Dia- 
meter OF A Solid Metallic Cylinder sub- 
jected TO Extension. 

M. Poisson has shown theoretically, that if a 
cylinder an unit in length be uniformly elongated, 
its diameter will be diminished by one fourth the 
amount of its elongation ; whence it may be cal- 
culated that the increase of its volume will equal 
one half the volume of the elongated part 

46. The Limits of Elasticitt. 
It has been shown that, when displaced, the pa^ 
tides of a body tend to return to the position they 
before occupied in it, with a force proportional to 
the amount of the displacement. That this may be 
the case, the displacement must, however, be con- 
fined within certain infinitely minute limits. If 
those limits of displacement be passed, the displaced 
particle may be wholly separated from the rest of 
the body in the direction from which it has been 
moved, and thus a partial rupture may take place ; 
or, other particles of the body occupying the space 
which it has left, and through which it has moved> 
it may take up its position under a new arrangement 
of particles exactly as it did under the preceding, 
and enter into precisely the same relation with them 
as before; so that, in everv respect, the qualities of 
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the body shall remain unaltered under this new 
arrangement of its particles. In this last case it is 
said to have taken a 8^9 and the phenomenon de- 
scribed under this name includes all that we un- 
derstand by ductility and malleability, which terms 
but imply different ways in which this same pro- 
perty of taking a set is called into operation. 

47- The Elasticity of a Body is not injured 
WHEN A Set is given to it. 

Thus, in S. Gravesande's experiments, wire, after 
it had permanently lengthened, was tried, and found 
as perfectly elastic as ever. In Coulomb's ex- 
periments on torsion, wire, which had been twisted 
so far that it would not return to its former po- 
sition, was found to retain its elasticity of torsion 
as perfectly as before. Now, the making of a wire 
from a bar of metal, or, as it is called, the drawing of 
it out, is but the gradual producing of a set among 
its particles ; and, since the wire retains the elastic 
properties of the bar, we may conclude that these 
are not affected by the sets which the particles of 
the bar are successively made to take. 

When beams of iron are so loaded in the middle 
as to cause them to take a permanent deflexion, or 
a set, their elasticity is found to remain unimpaired 
hj it ; so that^ when again loaded, they tend to re- 
cover themselves with forces which are, as before, 
proportional to the deflexion. Whilst some por- 
tions of the substance of a metallic body are made 
to take a sety others may, however, be ruptured. 
Its elasticity may then remain, but its extensibility 
will be greater, and its strength impaired. 




44* ILLUSTRATFONS OF MECHANICS. 

48. Malleability. 

The surface of a body always i/ields to an impact, 
-bowever slight If a metallic surface thus yield 
beyond the limits of elasticity, it takes a set. This 
property, by which a set is given to metals by impact, 
is called malleability ; and is that property of matter 
which, perhaps, more than any other ministers to 
the uses of society. It gives shape to the tools bf 
which all other substances are moulded, by which 
the earth is broken up and cultivated, and by which 
ships are made, and a communication established 
between regions separated by the ocean. 

There is no case in which the property of mal- 
leability exhibits itself more remarkably than in the 
art of the copper-smith. From a flat plate of copper 
he beats out a hollow vessel without seatn or joint, 
and of a given shape, contriving, by the skilful us^ 
of his hammer, so to move about the particles of the 
metal, that, although,. to give to this flat piece of 
copper its hollow form, he must of necessity in 
some places contract its surface, and in others 
expand^ it, he causes it yet to retain the same 
thickness throughout. All this is effected by giving 
to its parts minute sets, of which, although the result 
of each is perhaps imperceptible, the aggregate is a 
displacement which he can carry to any finite extent. 
Operating thus minutely and by degrees, the sub* 
stance of the metal becomes soft under his hands, 
and he may mould it as though it were clay. There 
are certain metals, and certain states of the same 
metal^ in which this property of malleability exists 
in a greater degree than in others. Thus, for in- 
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stance, cast iron is noUperceptibly malleable (except 
in a slight degree when annealed): it flies to pieces 
under the hammer; but when converted into wrought 
iron it becomes perfectly malleable. 

49. The Stamping op Metallic Surpaces. 
It is by a property analogous to their mallea- 
bility that metallic surfaces are stamped. Thus, 
for instance, in the embossed metallic plates which 
form the surfaces of plated goods, the pattern is 
moulded from a steel die, or a block of steel, in 
which, when it is soft, the pattern is sunk by means 
of punches, and which is then hardened. Over 
thb die a heavy weight is suspended, which can be 
made to descend between two upright pieces which 
guide its descent like the pile driver; the string which 
suspends this weight passes over a pulley, by means 
of which it can be raised again. On the under sur- 
face of the descending weight is fixed a thick plate 
of lead, and upon the die beneath it is laid the 
metallic plate to be embossed. The effect of the 
impact of the weight upon the die is to force the 
soft substance of the lead, and with it the inter- 
▼eoing thin plate of metal, into the cavities of the 
die, where both take at the first impact a partial 
set; and, the impact bein^ repeated, eventually the 
sur&ces are made to adapt themselves perfectly to 
one another, and a complete copy is obtained. 

50. Coining. 

It is by a property analogous to that of mallea- . ^ 
bility that metals are made to take the impression I 
of moulds into which they are stamped. It is IVima ^ 



I 
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that the precious metals are coined. The die, in 
which is sunk the impression which the metal is to 
receive, is fixed at the extremity of a powerful screw, 
which is driven impulsively by an effort of the 
workman applied to a horizontal arm fixed across 
the axis of the screw, and carrying, &t its extremi- 
ties, two heavy weights. The metal, thus driveo 
with great force into the cavities of the die, takes 
there a set^ and retains the impressions. 

51. The Rolling of Metals. 

The ductility of metals is most effectually called 
into operation by rolling them. It is thus that iron 
and copper plates and bars are made ; and the 
iron rails used on railroads receive their form by 
being passed between rollers, in which are cut 
channels of a corresponding form. According to 
the experiments of M. Lagerhjelm, rolled bars are 
nearly of an uniform density, whilst the density o( 
forged bars is extremely variable. Within th^ 
limits of elasticity, the forces producing given ex* 
tensions are the same in the two kinds of bars, hut 
a set is given to the rolled bar sooner than to the 
forged one. The resistance to rupture appears to 
be the same in the two cases. 

52. Engraved Steel Plates. 

By a like process, duplicates of engraved steet 
plates are obtained in any number. The steel of 
the engraved plate of which the duplicate is sought 
having been hardened, a cylindrical piece of soft 
steel is rolled over it under an exceedingly heavy 
pressure. This pressure causes the soft metal of 
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■otler to be pr^^d into all t!ie lines of the en- 

Dg, of which it thus receives on its surface a 

fit impressioD in relief. Tlie soft steel of this 

is then hardened^ aod, thus hardened, it U 

I under the same heavy pressure as before, to 

jover the surface of the plate of soft steel to 

p the engraving is to be transferred ; and, in 

Et of thus rolling over it, it indents it with all 
Des which it had itself received from the 
al plate. There is gcarceljr any limit to the 
per of duplicates which can thus be obtained 
k same engraved steel plate ; or, therefore, to 
lumber of prints which may be taken from the 
I engraving. This method is now largely usedj 
inch great advantage, in calico printing* The 
I pattern being here to be repeated over a large 
lee, a smalt but complete portion of this pat- 
tjs engraved on a block of steel, and thence 
prredj by the method described above, to a 
This roller is then made to traverse^ under 
[ry pressure, the surface to be engraved, until 
f r^ated the pattern orer as wide a surface 
Required* 

53. Rupture, 

len the parts of a body are, by any external 
b separated beyond the limits of ductility, the 
p.tion becomes permanent j and, if it extend far 
fh, this separation constitutes a rupture of the 

e rupture of a bar of wood or metal may 

place either by a strain or tension in the 
don of its length, to which is opposed Its 
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TENACITY ; or by a thrust or compressing force in 
the direction of its lengthy to which is opposed its 
power of resistance to the crushing or its ma- 
terial ; or^ each of these powers of resistance may 
oppose themselves to its rupture^ the one being 
called into operation on one side of it, and the 
other on the other side, as in the case of a trans- 
verse strain. Or, lastly, the bar may be mp 
tured by torsion. 

54. Tenacity. 

In the Appendix will be found a table of the 
tenacities of different materials, or the resistances 
they offer to forces tending to tear them asunder, 
as these have been determined by the best author- 
ities, and by the mean results of numerous experi- 
ments. From this table it will be seen^ that of all 
the materials experimented on, that which has the . 
greatest tenacity, or which requires the greaM 
strain per square inch to tear it asunder, is thin iron 
wire — a number of pieces of it being placed side 
by side, and bound together, so as to form what is 
called a cable of wire. Moreover, that cables of 
wire thus formed are stronger^ as the wires widely 
compose them are thinner. 

The first of the experiments enumerated in tl»>* 
table was made by M. Lam6, at St Petersburg) 
on wire of the best Russian iron, ^th of an inch ^^ 
diameter. The result is extraordinary. A tenacity 
of 91 tons on the square inch must be consider^ ^ 
as an extreme, and, perhaps, an anomaUmSy pow^^ 
of resistance. 

Nevertheless, it results from the experiments ^^* 
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the roller to be pressed into all the lines of the en- 
gravings of which it thus receives on its surface a 
perfect impression in relief. The soft steel of this 
roller is then hardened^ and, thus hardened, it is 
inade> under the same heavy pressure as before, to 
roll over the surface of the plate of soft steel to 
which the engraving is to be transferred ; and, in 
the act of thus rolling over it, it indents it with all 
the lines which it had itself received from the 
original plate. There is scarcely any limit to the 
number of duplicates which can thus be obtained 
of the same engraved steel plate ; or, therefore, to 
the number of prints which may be taken from the 
same engraving. This method is now largely used, 
and with great advantage, in calico printing. The 
same pattern being here to be repeated over a large 
surface, a small but complete portion of this pat- 
tern is engraved op a block of steel, and thence 
tnmsferred, by the method described above, to a 
roller. This roller is then made to traverse, under 
a heavy pressure, the surface to be engraved, until 
it has repeated the pattern over as wide a surface 
«8 is required. 

53. Rupture. 

When the parts of a body are, by any external 
cause, separated beyond the limits of ductility, the 
separation becomes permanent; and, if it extend far 
enough, this separation constitutes a rupture of the 



The rupture of a bar of wood or metal may 
take place either by a strain or tension in the 
direction of its length, to which is opposed its 
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ratively small expense — been used instead of iroOf 
in the construction of suspension bridges.* 

Russia bar iron (which is perhaps the best) ap- 
pears, by the experiments of Lam6, made at St 
Petersburg, with an hydraulic press, in 1826, to have 
a mean tenacity of about 27 todS on the square 
mch. Common English, and other bar or wrought 
irons of an average quality, may be considered to have 
the mean tenacity of 25^ tons on the square inch.t 

Platinum in wire appears, by the experiments of 
Morveau (Ann. de Chimie, 25-8.), to have a tena- 
city a little less than bar iron. 

Silver tmre^ gun-metal^ and forffcd copper^ fol- 
low next in the order of tenacity, having respectively 
tenacities of 17, 16|, and 16 tons, on the square 
inch. 

Gold wire has (by the experiments of Sickingen, 
Ann. de Chimie, 25-9.) only one half the tenacity 
of wrought iron. 

The best grey cast-iron may be taken to have a 
mean tenacity equal to one third that of Russia bar 
iron ; that is, equal to nearly 9 tons on the square 
inch ; whilst the ordinary cast-iron has one third the 

* Steel bridges, in common with wire bridges, are^ however, 
by reason of that very lightness which is the great dement of 
their strength, peculiarly liable to those vibrations which are 
calculated more than any thing else to try it. 

f Of the experiments recorded of wrought iron, one by 
Muschenbroek gives to it the tenacity of 41 tons on the square 
inch. This is the highest recorded, and it is a problematioal 
result. The iron used was German bar iron, mark B R. Hie 
best Swedish and Russian bar irons have, however, for the most 
part, exhibited a tenacity of upwards of SO tons. 
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tenacity of common bar iron, or about 8| tons on 
the square inch. 

Of woods, box has the tenacity of the best cast- 
iron, and o^A that of common cast-iron ; that is, one^ 
third the tenacity of wrought iron. 

Deal, oak, and beech, have about ^th the tena- 
city of wrought iron, and mahogany -i^th. Thus^ 
7 rods of^nahogany, taken together ; 5 of deal, oak, 
or beech ; 3 of box, or of cast-iron ; 2 of gold ; 
1^ of silver, or copper, have respectively the same 
tenacity as 1 rod of the same section of wrought 
iron ; or as a rod of -^ ths that section of steel or 
fine wire cable. 

SB. Resistance to Rupture, by Compression. 

The results of experiments on this subject are to 
be found in a parallel column of the same table as 
the last 

A cube, whose edges are each \ of an inch, of 
the kind of cast-iron known by the ntfme of gun- 
metal, requires, according to an experiment of Mr. 
Reynolds*, 10 tons to crush it, or a compressing 
force of 160 tons on the square inch. No other 
material on which experiments have been made, 
exhibits a power of resistance approaching to 
this. 

From experiments made by Mr. 6. Rennie (Phil. 
Trans., 1818), it appears thai horizontal castings of 
iron, from which cubes were taken of the same di- 
mensions, offered a resistance equivalent to from 
62 to 76 tons on the square inch; whilst similar cubes, 
from vertical castings, resisted crushing with a force 
e 2 
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of from 70 to 90 tons. The more recent experimento 
of Mr. Hodgkinson, which have been made widi 
remarkable care, give to the Coedtalon iron, No. 2*t 
a resistance to compression of only S6 tons on the 
square inch ; to the Buffery iron, No. 1., 41 tons; 
to the Carron, No. 3., 51 tons. Brass offered very 
nearly the same resistance as horizontal castings of 
iron. • 

Bar iron, according to Rondelet, crushes, with 
31-^ tons on the square inch, with less than cm half 
the pressure which Mr. Rennie found cast-iroD to 
bear; Aberdeen granite, with one sixth; Iialk» 
marble, with one seventh ; Portland stone, with eitf 
tenth ; brick-work, with from J of a ton to 1|- tons. 

But the most remarkable feature presented by this 
column of the table, is the small resistance which 
tdood offers to a crushing force, acting in the di^ 
rection of the length of its fibre. Experiments on 
this subject are somewhat uncertain* and variable 
in the results they give ; they nevertheless fiittT 
establish the fact of the small comparative power o^ 
wood to resist a force tending to compress it in tb^ 
directioI^of its fibre. 

In every other substance enumerated in the tables 
it will be seen that the resistance to rupture by com^ 
pression is greater than to rupture by extension ; in 
wood it is less, A fact on which^ as will hereafter 
be shown, there depend important principles in the 
theory of construction. 

* This uncertainty appears to depend upon some unknown 
condition of the adhetion of the fibres of the wood to one 
another. 
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6^ Influence of the Height of a Prism upon 
THE Resistance to the Crushing of its 
Material. 

The experiments on which the conclusions stated 
n the preceding article were founded, were made 
¥ith cubes of the material. When the cube was 
converted into a prism of a different height from 
its width, the results became greatly modified, the 
strength diminishing as the height increased. Thus, 
when a cube from a horizontal casting- of iron waar" 
replaced in succession by prisms having the same 
base of i of an inch square, but each higher than 
the preceding by ^ of an inch, until the last was 
linch, their power of resistance to compression 
passed from 72 tons per square inch gradually to 
45 tons. This fact probably accounts for the dif- 
ference of the results stated in the last article. 
In all cases when a certain height is passed, rupture 
takes place by the sliding of one portion of the 
prism in an oblique section upon the other ; and 
the angle of this oblique section is, in all cases, the 
same for the same metal. Extensive and accurate 
experiments have recently been made, on the much 
Delected subject of compression, by Mr. Hodgkin- 
lonof Manchester. 

•57. Rule, by Rondelet, for the Strength 
OP Columns of Wrought Iron, and of Oak 
AND Deal. 

From a great number of experiments on colamns 
of wrought iron, varying from half an inch to an 
inch square, and from an inch and a half tO twenty 
e 3 
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feet in length, Raudelet has derived the rule, that 
tKe load necessary to compress a cube of wrought 
iron being assurned to be 512 lbs. on the square 
line (or the yii*^ ^^ ^ square inch), the loads 
necessary to bend and break columns of any given 
square section, which are in length successivelf 
27, 5-t, 81, 108, 135, 16% 189, 216, 241 times tbe 
fiide of the square of their section, are respectively 
256 lbs., 128 lbs., 64- lbs,, 32 lbs,, 1 6 lbs,, S lbs., 4lh6., 
2 lbs., 1 lb, upon each square line of section* It 
will be perceived, that the first numbers are as the 
arithmetic progression, 1, 2, 3, 4, 5, 6, 7j S, 9; an^i 
the last as the geometric pi'ogresaion, 2\ 2s 2^ ^f 

From similar experiments, made with columns of 
oak and deal, the same author deduced the rule, 
that assuming 44- lbs, per square line to be the 
load necessary to crush a cube of oakj and 521bs« 
one of deal, the loads necessary to bend and break 
columns of any given square section, wliich are m 
length successively 12, 24, Sfi, 48j 6Q, 72 times the 
side of the square section, are respectively gth, ^ 
' i^^t tV^j Vi*^ ^^ ^^^ force necessary to com- 
press a cubical piece of the column. 

Rondelet found that a square column of oak or 
deal itegan to yield by bending when its height was 
IQ times the side of its section. The weighta and 
measures used by Rondelet^ and mentioned in thb 
article, were of the old French system, in which 
one pound weighs 7]561 English grains troy : and 
one foot I27B933 English inches. 
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58. A Column op Cast-iron, whose Extre- 
mities ARE ROUNDED, WILL SUPPORT BUT OnE 

Third the Weight of a similar Column 
WHOSE Extremities are flat. 

This remarkable fact is one among a great num- 
ber which have been developed by the recent ex- 
periments* of Mr. Hodgkinson of Manchester. 

Having caused a series of cylindrical columns of 
cast-iron, of different diameters, to be accurately 
turned, with their extremities rounded^ so as to 
support an insistent weight by the apex of the 
rounded end, — that is, by a single point in the ex- 
tremity of the axis ; — and having caused another 
series of columns to be turned, exactly similar and 
equal to the last, but cut off flat at their extremities, 
he broke the two series of cylinders by the com- 
pression of a powerful lever, made to act vertically 
in the direction of their length, by the intervention 
of a cylindrical hardened steel bar, acting like a solid 
piston through a hollow cylinder, which served it as 
a guide. 

In all these experiments he found the cylinders 
vnth the rounded ends to break with a pressure which 
was scarcely one third ihat of the cylinders with the 
fiuends. 

When one end of the cylinder was rounded, and 
the other fiat, the breaking pressure was about tufo 
thirds that which broke the cylinder when both ends 
were flat ; so that, in the three cases, the strengths 
of columns, equal in every other respect, were as 
the numbers 1, 2, S. 

E 4 
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59. The Strokgbst Form of a CAar-iEOM 

Col DM N, 

In all Mr* Hodgkin son's experimentB, before di^ 
scribed, the eylintler was observed to break in Its 
middle poini^ indicating that to be the weakest 
He conimeneodi thereibre, a series of experimeiiis 
on columns in whieh the middle section was in- 
creased at the expense of the extreme sectionst witb 
a view to ascertain that form of the colunm in 
which^ when breaking in the middle^ it sliould be 
about to break at ever}'' other point ; this being 
manifestly the strongest form. From these tt re- 
sulted, that the strength of a column of cast-iroiii 
containing a given weight of meta!, whether it b* 
solid or hollow, is much greater when it is cast i^ 
the form of a double cone ; that ia* with its greater* 
thickness in the middle of its height, and tapering to 
its extremitiesj than w hen cast in any other form* T^^ 
precise results of these valuable experiments hftV^ 
not been published : we hope, however, to be abl^ 
to publish them in the Appendix. 

60. The Pressure to which Matjbrials may 
bs. subjected with safety in construction. 

In the actual practice of construction, ni ate rials 
cannot with safety be subjected to constant strains, or 
thrusts approaching to those which produce rupimre. 
They are liable to various occai«LQnal ami accidental 
pressures; and to others of a permanent kind, result- 
ing from settlement, and other causes of w hieh no 
previous account can be taken, for which allowance 
must nevertheless be made* 
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The engineer and the architect will therefore in 
their practice be in a degree guided by the ex- 
ample of ACTUAL STRUCTURES. 

From a comparison of numerous examples of 
these^ Navier has deduced the rule, that stone and 
•wood have, in existing structures, with safety, been 
subjected, — the former to. ^^th the thrust, and the 
latter to -/^th the strain, which breaks them ; and 
iron, cast or wrought, to |th.» 

61. Adhesion of the Fibres of Wood to 
ONE another. 

Mr. Barlow found the force necessary to separate 
two parts of a piece of deal, by causing them to 
slide upon one another in the direction of the fibre, 
to be about 5 cwt to the square inch; for oak 
82| cwt. to the square inch was required. When the 
force was applied in a direction perpendicular to 
I the direction of the fibre, 20 J cwt. to the square inch 
was required for oak, 15 cwt. for poplar, and from 
8J cwt. to 15J cwt. for larch. 

* One of the greatest pressures to which the stone of any 
building is known to have been subjected, is probably that 
borne by the central column of the Chapter- House at Elgin. 
It amounts to more than 40,000 lbs. the square foot : neverthe- 
less, this stone would certainly bear ten tmies that pressure, 
without crushing. It is, however, dangerous to subject stones 
to any pressure approaching to that at which they crush: one 
half that pressure causes them to chip ; and the tendency of the 
overloaded stone to yield increases with the time; — Jth the crush- 
ing pressure is generally taken as the limit, which should not 
be exceeded. Telford gives 50,000 lbs. per square foot as the 
maximum pressure to which the voussoirs of an arch should be 
subjected. 
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62- The Neutral Axis in a Beam. 
Let a beam be supposed to be bent hy a weight 
Jig. 7, placed in the muldle of It* 

it m clear tbat the side of 
the beam nearest to tie 
weight, will, in the act of 
flexure, be c&mpressedy whilst the opposite side wiH 
be ejtitended* 

The point where the extension terminaiu, and 
the compression begins^ sustains manifestly neither 
extension nor compression. This point is called 
the nmitral point ; or, rather, there are a seria of 
such points across the thickness of the beam, vbich 
all lie in an axis, called the neutral axis of tie 
beam. 

Since, throughout its neutral axis, the beam i* 
neither extended nor compressed, its strength ^ 
not there at all called into play, and is, in point ot 
fact, of no nse ^ so that the beam would beat a* 
great a weight if a ^lole were cut through it alon^ 
this axis. 

63i The Strength of a Beam. 

What constitutes the strength of a beam is iti 
resistance to extension on one side of its neutral 
axtSf and its resistance to compression on the other. 
These act on either side of the neutral axis, like 
antagonist forces at the two extremities of a lever ; 
tf either of them yield the beam will he broken* 
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*o CUT A Beam One Half through, 

HOUT DIMINISHING ITS STRENGTH. 

I evident that the resistance of the compressed 
r a beam to compression, would not be at all 
d by cutting it through, provided it were cut 
far as the compression reached, especially 
could cut it with a saw so thin that none, or 
ly any, of the material should be removed. 
i experiment has actually been made, first by 
lamel. He found that the strength of a 
n beam was not at all impaired by cutting it 
alf through on its compressed side — and 
ly impaired by cutting it f ths through ; and, 
ng up the saw-cut with a harder wood, he 
that he could actually strengthen the beam 
is cutting it. 

low found that the compressed portion of a 
jxtended to about |ths of the depth. Through 
f the depth it might then be cut, without in 
ist affecting its strength. 

[E tlELATION OF THE FORCES NECESSARY 

TEAR Materials asunder, and to crush 
:m. 

beam yield either on its compressed side or 
ended side, it will be broken. But on which of 
s it likely Jirst to yield ? Does the material of 
the beam is made yield first to compression 
extension ? And in what proportion does it 
lifferently to these causes of rupture ? 
3arallel columns of a Table in the Appen* 
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dix, will be found the forces, deduced to the square 
inch, which are necessary to tear asunder the ma- 
terials enumerated, and to crush them. From a 
comparison of these columns, there will appear the 
remarkable fact, that whilst the metals require a 
much greater force to crush them than to tear them 
asunder, the woods require a much less. 

Experiments on the compression of tidood are 
peculiarly uncertain ; and the numeric^ results 
stated in the Table are probably to be received only 
as distant approximations. Still, the fact remains 
indisputable, that wood crushes with a force less 
than that with which it tears asunder ; whereas the 
metals require a much greater force to crush tiiem 
than to tear them asunder. Cast-iron seven or 
eight times as much. 

*Q6. To MAKE A Beam or Girder of Cast-iroS 

WHICH SHALL BE FOUR TIMES AS STROK© 
WHEN TURNED WITH ONE SiDE, AS WHENTURNK^ 
WITH THE OTHER SiDE, UPWARDS. 

A very ingenious experiment was made by Mr* 
Hodgkinson, of Manchester, to illustrate the fact 
stated in the preceding article. 

He caused two castings of iron to be made from 
the same mould 5 feet in length. The form of the 




section was that shown in the figure. It may be 
described as made up of a large flanch 4 inches in 
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vidthy along the back of which runs a smaller upright 
rib 1 inch in height Mr, Hodgkinson's object 
was to make one of these castings break, by the 
extension of this rib, and the other by the com' 
pression of it; and to compare the load necessary in 
these two cases to produce fracture. He antici- 
pated that a greater force would be required to 
break that casting which yielded by the compression 
of the rib, than that which yielded by its extension. 
But how was he to break the one by the extension 
of this rib, and the other by its compression ? Let 
the reader imagine these castings to be placed be-* 
tween supports 4 ft. 3 in. apart, the one with the 
rib upwards^ the other with the rib dmonwardsy and 
both to be loaded in the middle. 

Let us take the case in which the rib is upwards 
(as shown in the first cut), and therefore com- 
pressedi and the flanch extended. Were the flanch 
only of the same size as the rib, and did it exert its 
strength under similar circumstances, it, being the 
ixiended part, might be expected the first to yield : 
but it is very greatly larger than the rib ; and it 
was made so greatly larger, that its greater size 
might make up for its less power of resistance — 
it actually did more than make up for it ; for the 
casting did not yield by the extension of its lower 
part, but by the compression of its upper, the 
rib — it broke with a load of 9 cwt. The other 
casting, placed with the rib downwardsy of course 
Jiff' 9. 
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vielded by the extension of that rib ; the extt^iided 
part being here not only weaker, but smaikr ih^ 
the compressed part 

Thia casting broke with 2J cwU Thus we find 
that to break the casting hj compresstDg the n\h 
required nearly four times o^ great a load as to 
break it by extending the rib : a result agreeipf 
with the before observed fact, that cast-iron resists 
compression with greater force than extension. 
Here, then, was a form of iron beam, whieh wai 
nearly four timea as strong when turned one waj 
as when turned the other: and here wasi an indi- 
cation of tiie fact, that the strength of such a beaifl 
may J with the same quantity of material, be pro- 
digiously jnHueiiced by the way in which that mi' 
terial is distributed. 



In the experinaent when the rib was uppermoi^ 
and it was broken by compression, there started o^^ 
from it, whea in the act of yielding, a wedge, o' 
which the length was four inches, and depth "98 0^ 



Jtff^ 10. 
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H •§7. A Wedge, driven out by the CoMPitKS- 

H SIOK OF THE HiB* 

■ " 

L 






an inch, and which was exactly of the same form 
and dimensions in all other experiments with cast- 
ings from the same mould. The wedge is accu- 
rately shown in the accompanying cat. 
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•68. The STRONOfifiT Form op Section of 

» Cast-iron Beam. 

What, then, is the best way of distributing the 
tflaterial oi" a beam ? Tliia was the problem which 
Mr. Hod gk in son undertook to soJve, hj the method 
of experiment; and of' whicb his solution is one of 
tile most important practical results that liave been, 
in tnodern times^ obtained- 

In the first place, let the reader be again re- 
minded of the fact, that a beam, in bearing a load, 
stistatDs it by the resistance of its material to com- 
pression on one Side, and to extentjion on the other; 
antl that these forces act on opposite sides of its 
flE^ulml axis, like forces acting at either extremity 
<3f a kv^j the yielding of either destroying the 
l^'anee, and breaking the beam, Moreoverj let 
l^is attention be called to the fact, that the farther 
these forces are placed from the fulcrum j the greater 
'^ill be their efftcii so that all the forces resisting 
'Compression will produce their greatest effect when 
collected the farthest possible from the neutral 
Pht ; and J in like manner, all the hirers resisting 
^tension, ThuSj all the material resisting com- 
''^ion will produce its greatest effect when col- 
lected at the top of the beam ; and all the material 
f^i&tiiig txiension^ at the bottom. And thus we are 
directed to this ^tst general principle of the distri- 
putioti of the materia], that it should be collected 
'Ti tivo flanches, one at the top, and the other at 
^^^ bottoni of the beami joined by a comparatively 
steirder rib. This is the Jirst step in the distribu- 
^'011 i this is notj however, all; it does not give 
*^e Hrmgest form of beam. 



1-^ 
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.To understand why^ let the reader's attention 
^ called to this general principle. 

That form of beam is the strongest, whose n 

terial is so distributedy that at the instant when u 

A about to break by extension on one side, it is abi 

ir to break by compression on the other : for if wh 

d it is about to break by extension on the one side, 

is not about to break by compression on the othi 

then may some of the material be taken from t 

compressed side without making that break, ai 

added to the extended side, to prevent that brea 

ing ; so that now the beam is made to bear tl 

weight which before it would not, or it is strengt 

i enedr And this is a general principle. So long 

:]^ the distribution of the material is not such, as th 

the compressed and extended sides would yie 

together, the strongest form of section is not s 

tained. 

Now it seems clear that since cast-iron yields 

ir extension sooner than compression, if the upper a 

\\ lower flanch were of the sam£ size, the lower 

> extended one would yield first. The compress 

^, side cannot yield at the same time as the extend 

one, unless it be greatly less than it. On the who 

^: then, the strongest form of beam will eviden 

t have its lower flanch much larger than its upper; 

i'-- But in what proportion? Mr. Hodgkinsons \ 

■;/ periments were directed to the determination 

tl this point. He made a series of castings, gradua 

<v increasing the lower flanch, at the expense of \ 

i<' upper — as shown in the accompanying diagran 

''^ ^ and, as he had anticipated, he found the beams, 

this state of transition, to grow stronger and strong 
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6-4 


4075 
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In the first eight experiments, each beam broke 
by the tearing asunder of the lotoer flanch. The 
distribution by which both would be about to 
yield together — that is, the strongest distribution — 
was not therefore, up to that period, reached. At 
length, however, in the last experiment, the beam 
yielded by the crushing of the upper flanch, from 
which a wedge flew out. 

In this experiment, then, the upper flanch was the 
weakest In the one before it, the lotoer was the 
weakest For a form between the two, therefore, the 
flanches were equal in strength to resist the pressures 
to which they were severally subjected ; and this was 
the strongest form. 

In this strongest form the lower flanch had six 
times the material of the upper. 

In the best forms of girders used before these 
experiments, there was never attained a strength of 
more than 2,885 lbs. the square inch of section* 
There was therefore, by this form, a gain of 1 , 1 90 lbs. 
the square inch of section, or |ths of the strength 
of the beam. 

The great girders cast in Manchester are now 
commonly cast on this principle ; and there has re- 
sulted, it is said, a practical economy in the iron 
of full 25 per cent 

69.* Rule for the Strength of a Beam cast 
ON Mr. Hodgkinson's Principle. 

From the comparison of a great number of ex- 
periments, Mr. Hodgkinson has deduced the fol- 
lowing rule for the strength of his beams. The 
dimensions being all taken in inches^ nmUiply the 
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area of the section of ike lower flanchy in inches^ hy 
the depth of the beam, and divide the product hy the 
distance between the two points on which the beam is 
stqjported. This quotient, multiplied by 536 when the 
beams are cast erect, and by 5\^ when they are cast 
horizonially, will give the breaking weight in cwts. 

70,* To VARY THE SECTION OF A BeAM AT DIF- 
FERENT Distances from the Points of Sup- 
port, so THAT FOR A GIVEN QUANTITY OF MA- 
TERIAL ITS Form may be the strongest. 
The strength of a beam, to bear a load, is different 
according as it is loaded in the centre of its length, 
or nearer to either of its extremities. It is, for in- 
stance, evident that a beam will bear a load placed 
upon it very near 'to one of its points of support, 
when it would not bear the same load placed over 
its middle point It appears from a mathematical 
inquiry into this subject, that the effect of a given 
Jig. 12. 
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load to break the beam, varies when it is placed 
over different points in it, as the products of the 
distances of these points from the two points of 
support of the beam. Thus the effect of a weight 
placed over the point L, is to the effect of the same 
weight placed over the point K, as the product of 
AL by LB is to the product of AK by K B ; A and 
B being the two points of support. Since, then, the 
effect of a weight to break a beam is not so great 
at points nearer to its extremities, as in the middle, 
the beam need not be so strong any where as at its 
F 2 
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middle point; and, gnided by the law stated abovie^il 
appears thatitsstrengthat different pointsshould vaij 
as the products of the distances of those points fron 
the points of support. Now this difference of streogtk 
may be given in two ways ; either by varying tbe 
depth of the beam according to this law, or by pre- 
snrving its depth every where the same, and varjiog 
the dimensions of its upper and lower flanches ae> 
wording to this law. Whether we thus vaiytke 
d(!pth of the beam or the dimensions of its flaochoy 
thd law in quention will give, for the outlinei in tbe 
Olio oas(? of the elevation of the beam, in the otber 
of tho plan of the flanch, the geometrical cnrre 
rnlltMl n parabola. The cut represents the flandit 
nrrording to this form, adopted by Mr. HodgkinMo; 
i\\v uppor and lower flanch were of the same fonn; 
but tho dimoiisions of the latter were six times ihoie 
of \\\v fornirr. 
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ov OosjTavcnos. 

S«oh \* iho t\\rtu which, piided by experimeBt 

^\\k\ ^\w\\ 01 Nor )>N^Nur\>f« ^xf scWnce as we po«e« 

«v i\\\y\ s\\\\^U\>f. W. tv> ftxr fv> the substance^ iroii» 

«UuK f^MW'.vj; »,v^T< of ;V ioi?d mamials of Ae 

^Ua \«v «^ v.\^ avs) 4^^^ t**" oiu-|f«spQsetofeo0' 
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Now let us turn to the architecture of trees, and 
examine Nature^s material, and let us consider whe- 
ther, guided by the light which our efforts to econo- 
mize this artificial material of construction may 
have given us, we may not discover, in the material 
of those stately structures, elaborated in the myste- 
rious process of vegetation, some feeble traces of 
that mighty and all-perfect wisdom of which ours, 
feeble as it is, is yet an emanation. 

And let the principle first of all be stated, as one 
observable throughout all nature, that creative power, 
infinite in its development, is infinitely economised 
in its operation. 

Were wood but as durable as iron and stone, it 
would supersede their use as a material of construc- 
tion. 

If other evidence were wanting, the unparalleled 
boldness of the structures erected with wood would, 
for itself, speak to the fact. 

What have we to compare with the structures 
erected in wood? There is no arch of iron or 
stone, for example, that approaches to the span of 
the wooden arches which have been erected by 
Wiebeking in Germany, or to that arch at Phila- 
delphia, which, with one vast span of 340 feet, 
crosses the SchuylkilL 

The superiority of wood to iron or stone, as a 
material of construction, results from the extra- 
ordinary lightness which it unites with its strength. 
Thus deal h^ only one fifteenth the weight of 
cast iron, although it has considerably more than one 
half the tenacity, and sixteen bars of it would weigh 
only the same as one bar of the same dimensions of 
F 3 . 
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wrought iron, although they wotild have togd 

'^ more than the strength of three. 

Now it is evident that a building erected wil 
material, however strongs which. was in the H 
proportion heavify might, and probably would, I 
tt^ea^i building. 

Such a structure, notwithstanding the gi 

y, strength of its material, might load itself with 

own mass to the utmost that it would bear, so t 

r the slightest ctdditkmal pressure would cause it 

\* yield — as it is the last ounce which breaks i 

cameFs back. Many, and memorable, are the 
stances of this weakness in artificial structures. 1 
case of the Brunswick theatre, whose iron roof I 
in by the pressure of its own weight, and that 
Mr. Maudeslay's manufactory in London, and 
the Conservatory at Brighton, are in every bod 
recollection. 

\ But wood falls short of other materials in lAc 

hility,* 

i The food of living vegetation is extracted ft 

decayed vegetation ; decay was thus, for the gi 

y purposes of nature, made its inseparable concomiti 

* This decay — which was a necessary property tl 

of timber, as a material of nature's architecture 
unfitted it for that of man ; who, reserved for 

* The recent discovery of Mr. Kyan has, Devertheleaa^ gi 
it is said, to wood an artificial durability almost equal to 
of iron. The great agent in its destruction is a fungui w. 

: ravages we are familiar with under the name of dry roi, 

the experiments of Mr. Kyan, confirmed by those of Dutroc 

k appear to show that this fungus will not grow in tin 

steeped in corrotive iubUmaU. 
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mortality, and struggling, even here, in an unceas- 
ing combat ^ith the fleeting and transitory character 
of ail that surrounds him^ would construct for him- 
self an abode whose durability may laugh to scorn 
the shortness of his tenure; he digs therefore its 
material from among those mineral substances out 
of which the mass of the earth itself is builded up, 
and whose duration is coeval with it. 

72.* The Adaptation of Wood as a Material 
TO the Architecture of Trees in respect 
TO ITS Distribution. 

So much for the quality of the material as evi- 
dencing the infinite skill of the mighty Architect. 

Now for the distribution of it. Can we see, im- 
perfect as are our faculties, any traces of that per- 
fect wisdom which governs the distribution of that 
material? 

The experimental fact (ascertained with certainty), 
that its power of resisting extension, when subjected 
to transverse strain, is so nearly balanced by its 
power of resisting compression, as to bring its neu* 
tral point, at the instant of rupture, neariy in the 
centre of the beam (only one eighth of its thickness 
from it), is manifest evidence of this. 

To make this appear, let us imagine that this 
nicely balanced equilibrium had not existed, as, in 
the case of iron, it does not. Let us suppose, in 
shorty that iron were the material of trees. To give 
the most economical distribution to its material, a 
beam of wood must, then, be of that form which we 
have discovered to be the best for a beam of iron; that 
18,006 side of it must contain six times the material 
F 4. 
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that the other side does. But such a beam is ontj 
calculated to bear a pressure acting upon one side 
of it, and to bear it in one particular directioii. 
If fixed, for instance^ firmly upright in the eartk 
and made to be acted upon powerfully by the wmi 
it might bear it^ and would be of the form best ed* 
culated to bear it when it blew in one direction, but 
not when it blew in the opposite direction. To 
make it resist equally a force in either direction, the 
flanch must evidently be of an equal size on eitber 
side: but if you make lithus^ all the eeomamud 
the distribution of the material is gone. To pre" 
serve this economy^ the relation, of the resistance to 
compression, to the resistance to extension, must In 
changed in such a way that an equaUiy of the 
flanches may constitute the most economical a^ 
rangement of the material. 

Now in wood precisely this relation appears ta 
obtain. The proximity of the neutral axis to the 
centre, as determined by Duhamel and otherB» 
sufficiently indicates the near equality of the forces 
resisting extension and compression as they are 
called into action in the transverse strain of a beam, 
and renders it extremely probable that in the trans- 
verse strain of the cylindrical trunk of a tree^ 
whether hollow or solid, this equality becomes 
absolute. 

Supposing then a beam of wood formed like thtt 
of iron, of which we have spoken, and conceiving its 
flanches to have the form of longitudinal slices of a 
hollow cylinder, and the circumstances of resistance 
to be similar to those in a beam of wood ; if these 
two flanches be very nearly of the same size^ when 



is about to yield by extension, the other will 

^ about to yieid by compression. This has 

^een before shown to constitute the most ecoiiomi- 

cal distribution that can be conceived. To sustain 

tW force of the wind on its opposite sides, a timbert of 

i form, then, with equal flanGbes>, would haye the 

it perfect form. Let the reader conceive a 

ktimber of such equal timbers to be placed so 

t the ribs which join their flanches may all in^ 

ct along the centre of their length, and their 

Dches be brought side by side like the staves of a 

ami, and let him im^ine a hoop to be placed 

ound it; and he will have conceived a structure 

those material la of perfect economy in itsejf, and 

^hoBfi mass is distributed with a perfect economy, 

> far as these things may be comprehended j he will 

tve embraced a principle which shapes out the 

tJaes of every living animal, which distributes the 

iMteria! of the stem of every weed and flower, and 

' a great family of trees. Surely '* God is wise 

» heart ; He is mighty in wisdom ; He is wonderful 

I codusel, and excellent in working," 

But it may be asked, If this economy of material 

^'^ a princtpie of creative wisdom, why h not every 

tff^e made thus with a hollow stem, as are the great 

trihe of grass- 1 ike trees, and the bones of animals ? 

Let us speak \vith reverence when we «peak of the 

dfisign by which the vast operations of Providence are 

directed- It is, however, an unjustifiable conclusion, 

that, in building up the trees of the forest^ there was 

^eti into that far-reaching view the mes to which, 

i^i the vast economy of human life^ they should 
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' hereafter be placed? How materially would that 
utility have been impaired had thejf been but hoUoff 
tubei ? And how vast an influence would it bave 
exercised on the deatinies of our race, if for ihli 
reason largo buildings had nmer been fhutned to- 
gether^ ahipg never built ? 

73. Various Circumstances which afxect 
THE Strength of Metals, as MATEBiiU 

OF CONSTEUCTION, 

Of the various circumstances which affect the 
strength of metallic substances^ the most important 
appear to be those which connect themselves witt 
crystallisation* 

The crystallisation of bismuth and sulphur mafte 
taken as eitamples of what little is known of the cir- 
cumstances under which crystallisation takes pkc£ 
generally. 

74^ Crystallisatioit of Bismuth. 

If bismuth, melted in a crucible, be poured inta 
a mould (heated to receive it), and when it has 
cooled, so that a crust is formed over its surface, if 
the mould * be inverted, so that the weight of the 
liquid metal beneath the crust may break through 
it and run out, the cavity beneath will be found to 
be surrounded with beautiful crystals of the metal 
adhering to the cruet and to the sides of the vesseL 
These crystals will be larger as the process of cool- 
ing takes place more slowly, and as the melted mass 

• The crystals will tie very beautifully seen if a tca**glass be 
used for the moidd 
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is greater. They present to the eye the order and 
arrangement according to which its parts solidify; 
which order and arrangement, therefore, charac- 
terise their solid state.' 

A similar experiment may be made with sulphur. 
M. Mitscherlich, from a melted mass of fifty pounds, 
slowly cooled for four or five hours, obtained crys- 
tals half an inch thick. 



75. Saline Crystallisations. 
The process of crystallisation is much more 
easily observed in crystals which form, as do vari- 
ous salts, from aqueous solutions than it is in those 
which form in the act of cooling from a melted 
state. It is nevertheless probable that these two pro- 
cesses of crystallisation are identical in their prin- 
ciple. If the water in which a salt h«s been dissolved 
be slowly evaporated from it, the crystals of the salt 
will, after the evaporation has passed a certain 
limit, begin to re-appear in it : each minute crystal 
will be seen to be terminated by plane surfaces, to 
have a definite form, and certain inclinations of its 
planes. As its dimensions increase, which they 
will be seen to do continually so long as the eva- 
poration proceeds, it will never lose this definite 
form or this given inclination of its containing 
pknes. The amount of the increase will, however, 
probably be difierent on its different faces, and give 
rise to certain modifications of its primitive form, 
which, on examination, will be found to depend upon 
the different quantities of thefiuid mass to which its 
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different faces are presented, and the difierei^ de- 
grees of facility with which the saline particles of 
the solution have access to them ; so that hy tam- 
ing the crystal round into different positions in t 
solution, different faces may be made in successioOi 
to receive the greater increase. The definite cha- 
racter of this accumulation of the particles of the 
crystal is strikingly illustrated by the fact, that if * 
crystal, whilst the process is going on j be taken oat 
of the solution and broken at its angles, so as to 
make its surfaces rough and uneven, and to destroy 
the form under which the accumulation of its pa^ 
tides was taking place, and if this broken crystal b^ 
then replaced in the solution, the process will re* 
commence upon it by a restoration of the brokei^ 
part, a fiUing-up of the roughness of its faces, and ^ 
re-formation of the crystal upon its original modeL 
A yet further evidence of the definite arrangement 
of the particles of the crystal is found in the cir- 
cumstances of its cleavage : these it partakes of in 
common with many crystals, which have never been 
formed by artificial means, but which are found in 
nature composing part of the earth's surface, and 
have probably resulted from igneous fusion. These, 
which are, some of them, excessively hard, have 
almost in every case certain particular directions in 
which they can be divided or cleft, called planes of 
cleavage. When they are thus cleft, the divided 
surfaces appear perfectly smooth and even, like the 
faces of artificial crystals. Every crystallised sub- 
stance has several of these planes of cleavage, and 
the same substance has always, in every fragment or 
specimen of it, the same number of them ; and these 
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indined to one another at the same angles : so that 
cleaving any such fragment until all its faces are 
planes of cleavage, the resulting crystal will always, 
for the same substance, be of the same form. If 
it be an artificial crystal, this form will be exactly 
the same as that which it assumes in the solution 
out of which it crystallises, or one in close alliance 
with it 

76. Crystallisation may take place in a 
Mass which is in an imperfect State of 
Fusion. 

Wrought iron is obtained by the forging of masses 
of mst iron which are heatedy but only imperfectly 
fined. This process, and others which it undergoes, 
separate it from the carbon which is combined 
with it^ and from various other impurities under the 
form of scoriae; and, as it thus becomes more pure, 
it becomes more difficult of absolute fusion, and 
less perfectly fused: nevertheless, cooling from 
this imperfect state of fusion, it assumes that crystal- 
lised structure, which is so apparent in wrought iron. 
It is, perhaps, in consequence of this crystallised 
structure of wrought iron, that its strength is so 
greatly modified by drawing it into wire : we have 
seen that its tenacity may thus be increased from 
25J tons the square inch to from 60 to 90 tons ; that 
iS; it may be tripled. The tenacities of iron, in the 
three states of cast iron, wrought iron, and fine 
iron wire, are as the numbers 9* 25. 80. 



78 lULUSTmATiass or mmchawmcm, 

77- Thm Istluescz or thm TAMiomi Condc 
noss or Cktstalusatiox ox ths Cohesiv 
FoBCX or Cast Ikos. 

This indveiice b fvUr skova br an ezperimett.'t 
of Mr. G. Re&Bie. He took a cube of irony whoft^ 
edges were eadi ^th of aa iacii. firom the centre of 
a large casdog;, where the crystals being slowly 
fotok^d were perfect and Iarge> and plainly seen: he 
found that it crushed with a pressure of 1440lb6. He 
took a second cube, of the same dimensions, from a 
small castings where there was moi the same appear* 
ance of crrstallisation^ but a close compact giain : 
tnis crushed with ^1 I61bs. ; that is, it required hatf 
as much force more^ to crush it. 

78. Thb Ixflcsncb of Press cue vros tbm 

SOLIDIFICATIOX OF MeTALS. 

The pressure under which the solidification of 
metals takes place, has an evident influence on their 
internal structure. Thus, to the strength of a cannoOf 
whether it be cast in a vertical or a horizontal moM 
— that is, whether in the act of cooling it sustains a 
greater or less weight of superincumbent mate- 
nal ; and whether the muzzle or the breeeh be 
cast upwards, — are things of importance to i^ 
strenj^h. 

The experiments of Mr. Rennie show, moreove^V 
that bars of metal differ in cohesive power, as they 
are cast vertically or horizontally. 

Thus a prbm, cast horizontallyy he found to cm** 

under a load of 9006 lbs. ; another prism, cast in the 

ame mould, but vertically^ required 9S281b8. to 
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^ H ; and, generally, a vertical casting wag best 
1^?^'! to bear a vertical force. 
^"^ Hod g kin son found so great a difference be- 
wecTi the strength of iron girders, according as they 
ffere cast horizontally or vertJcally^ that he has given 
afferent rules for calculating them. In illustration 
^f^tlie same fact it may be mentioned, that great 
^dk are found to be of a different quality of metal 
^ the top of the mould in which they are cast, and 
t tbe bottom. 



I 



79. Malleable Platinum, 



iatinum was first made known in Europe by 
^* Wood J assay -master at Jamaica, who met with 
in its ore in 174L It cannot be obtained from the 
a in any considerable quantities by direct fusion, 

other metals are. The voltaic pile and the oxygen 
>w-pipe will indeed melt it ; but these can be 
ijde to operate only on small portions at a time i 

obtain it in larger quantities, under a malleable 
piUi was long a de&ideraium in science* It is now 
eomplished as follows ; ^ The ore is subjected 

theactionofnitro- muriatic acid, and the solution 
■ecipitated by hydrochlorate of ammonia, under 
e fonu of a h^drochlbrute of platinum and am* 
Onifl ; which, under a high temperature, deeom- 
>SC3 and leaves pure platinujn, under the form of 
porous friable mass, called (from the resemblance) 
^ongy platinum- 

Under this form it is as far as can be conceived 
'^oved from malleability ; and here lay the great 
ifficulty of the process* It is overcome by snb- 
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jecting the spongy platinum to a high pressure in 
a mould ; a kind of ingot is thus obtained of suf- 
ficient tenacity to bear handling. This is then 
exposed to a high temperature, and carefiiUy i:^ 
forged. Dr. Wollaston was the discoverer of this \g 
process, and he has published a detailed account of 
it in the <^ Philosophical Transactions " for 1829. 



80. Cast Iron. 

Of all the causes which affect the mechanical 
properties of iron, the most remarkable are those 
which result from the union with it, in different 
degrees, of that subtle element, which is called by 
chemists carbon, and which is the substance so 
familiarly known to us as charcoal. It u this 
element, which, in the process of smelting, paaseB 
from the charcoal or coke, which is mingled in 
given proportions with the mass of iron ore in the 
furnace ; and uniting itself with the pure iron, gives 
it the properties of a fluid. Run into moulds, and 
allowed to cool, this compound of carbon and iron 
becomes cast iron. 

Jn the melted state, fluidity is that property 
which the iron receives in a greater or less degree 
from the greater or less quantity of carbon com- 
bined with it — that is, from the greater or less 
quantity of coke mingled with it in the furnace, 
and the better or worse quality of the coke. In 
the solid state, according as it contains m&n 
carbon, cast iron is softer under the file or chisel, 
and possesses less strength as a material. As it 
contains less carbon, it is harder^ and possesses 
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more strength ba a tnateriaL Tliis property of 
hardnes8| however, which it acquires as the pro- 
portion of carbon combined with it is diminished, 
ultimately passes into brittlefiesSf and, beyond a 
certain limit, it thus loses its strength as a material, 
hf the ordinary purposes of construction. It is 
only used in its most highly carbonised state^ 
because in that istate, by reason of its fluidity when 
rodtedt il may be made to run into the finest and 
most delicate mouldings, so aa to present^ when 
cooled, a minute and perfect reproduction of the 
UtodL^I. For castings, on which less minute and ac- 
curate mouldings arc required, iron combined with 
less carbon is used, because of its greater strength. 
Iram of these two qualities, of greater or letta car- 
honisation, and suited to those distinct purposes, 
ace known to the founders bs the irons, No. h and 
Ng. 2. A third quality of cast iron, known as 
No. S», is, in some places, made for castings of great 
size and strength, with a yet less admixture of car- 
bon, and possessing less fluidity than No* 2< And 
there is a fourth qualityj called brighi iron, yet 
further without carbon, of an extremely imperfect 
fluidity when melted, and applicable only to the 
]at;gest castings. 

There are two qualities of iron — motthd and 
white — which are obtained from the furnace with yet 
less degrees of carbonisation than bright iron. These 
are, however, so thick when melted, and so brittle 
when cooled, as to be wholly unlit for the purpose 
of casting. When combined with carbon in a less 
proportion than in these qualities, iron does not 
mtii in the furnace, and cannot be separated tWt^ 
fram the ore, 

G 
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To be obtained in this lower state of oombina^ 
tion with carbon, it must first be extracted from the 
ore in the last-mentioned state of cast iron, or id 
some of the other states before mentioned, and 
then have more of its carbon^ by an independent 
process, taken from it. Cast iron, thus deprived id 
a greater or less degree of its carbon (and other 
foreign ingredients), becomes wrought iron. It i« 
remarkable that iron in this state, united with lew 
and less proportions of carbon, re~acguires rapidly^ 
those properties of softness and malleability in its 
texture, which before, by the deprivation of its 
carbon, it iosty and soon greatly surpasses then. 
Whilst its resistance to the file, the chisel, and the 
hammer, have thus, by de-carbonisation, beeoBW 
less, its tenacity has tripled itself; the britdenead 
cast-iron has wholly disappeared from it^ and it haf 
become that material, whose union of weighty 
strength, durability, and hardness, adapt it, above 
all others, to the various utensils and tools of art; 
and whose malleability, when heated to a red heatf 
and the facility with which it is welded, enable ii8 
to mould it into any required form upon the anvil, 
and to frame and unite any number of distinct 
portions of it into a continued structure. 

It is the difficulty of melting wrought iron, its 
extreme softness nevertheless, when brought to a red 
heat, and that property by which it admits of being 
welded*, which, as much as its greater toughness 
and ductility, distinguish it from cast iron. 

'^ The welding, or joining together of different pieces of iron 
and steel, is performed by bringing the surfaces to be joined 
to a temperature bordering upon that of fusion ; a glossy i^ 
pearanoe, like Tarnish, then appearing;upon them, they are ^qpee- 
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81* Thb Manttfactcrb of Weouoht Inosr. 

U^M^i iron is decarbouised, so as to convert it 
into tGtought iron, by exposing it to the action of 
<3ie air* for a considerable length of time, in a melted 
§taAe; it^} earbon combines, in this state, with the oxy- 
gen of the air, and deserts the fused metal. This pro- 
cess of fusion is twice undergone : the first time it is 
called Tefining the iron. Mingled with the requisite 
quaatity of fuelj the pig-iron is placed in a trough- 
like furuace, whose sides are of iron plate, and ita 
bottom of masonry, and round whose sides, ex- 
ternally, a stream of water m made continually to 
nia, The fuel being lighted, a powerful blast of 
aif b impelled upon it, and the metal — having 
been kept in a state of fusion, with this blast upon 
% for not leas than two houra, and having lost a 
l^rge portion of its carbon — is run into a long shal- 
low mouldy and cooled; it is then broken into 
pieces, and carried to a furnace of the kind called 
a itverberatory fumacej where the powerful flame 
of a large body of fuel, under combustion, in the 
g^te of the furnace, is raadf; to pass over it, and at 
lengtb it sinks, in a state of fusion, on what is called 
li^e hmrth of the furnai;e ; a space which is wholly 
ieparated from the fuel, and open to a free access 
of air. Here the melted mass is kept in a state of 
CQHtinaal motion^ and stirred up from the bottom 
by the workmen, with long iron rods j a proceasj 
which is called puddlwg. In this state the metol 



<lily scraped, pkc«d in contssuJt, and hammered together. €mt 
Steel, in commoa intli cast ii^^ loses the propeit^ of ^i^^^^ 
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may be eeen to swell and emit its carbon, gradual^^ 
losing its fluLdity> until at length it nan, with tba. 
workman's rod^ be accumiilated into semi-flaid bal I 
of 70 Ibj, or 80 lbs. in weight ; these he removed 
from the puddliog-furaace, and placps under tlEO 
heavy hammer of a forge. After having been we^l 
Iiammered, and received a flattened form from this^ 
forge, they are passed bet^'een roll era, and con- 
verted into bars; five or six of which, being piled 
upon one another and brought to a welding heit in 
a reverberatory furnacej and again passed throtigl* 
successive pairs of rollers until they are reduced tc» 
bars of the required dimensionsj the process i^ 
&iished. 

82. The Manufacture of Steel, 

If cast iron, after having been deprived of it^ 
carbon, and other foreign ingredients, and thii^ 
brought into the state oi tm-ought iroui be re-car- 
bonised by a process about to be described, it T»^il ^ 
not return to the state of cast iron, but to a state irm 
which, admitting of fnsion, and re-acquiring more 
than the hardness of cast iron, it admits of being 
hammered, forged, and welded like wrought iron ; 
and, when tempered, becomes equally pliant and 
yielding, and far more elastic. In this state it is 
known as Steel, 

The process by which wrought iron is carbonised 
into steel, is this i In two long troughs or boxes of 
lire-stone J built up on either side of the fire-grat« <3f 
a reverberatory furnace, are piled upon one another 
the bars of iron which are to be subjected to tbe 
process of carbonisation ; between each layer cf 
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bajfs is spread a thick layer of eAarcoa^-powder ; 
and when the plies are thus completed (usually to 
the weight of ten or twelve tons), the top of each 
trough 13 closely covered over with a bed of sand- 
The fire of the fumaee is then lighted, and the 
boxesj and their contents, are kept at a red heat 
for eight or ten days. 

In this heated state the iron attracta, and incor- 
porates with itself, carbon from the charcoal which 
surrounds it If, at the e^fpiration of the time men* 
tioned, the process is found to have proceeded far 
enough, by the examination of a bar drawn for that 
purpose, the furnace is allowed gradually to cool* 

The bars, on examination, are now found greatly 
to have swelled their dimensions, and to have raised 
their surfaces every where ijito blisters ; for which 
fe^on the steel, formed by this process (called ce~ 
meTiMtion)^ ]& called liii\stered stecS. These bars are 
then heated to redness, and well forged under a 
powerful forge -hammer, made to strike with great 
rapidity, commonly by the action of a water-wheel, 
and called a tilting ftamtner : the hollow, vascular 
texture of the blistered steel is, by this forging, re- 
duced to a close continuous granular structure, and 
the metal becomes tilted steeL When the bars of 
blistered steel are first hrokeuj. and then welded upon 
the surfaces of one another, and then tilted, then 
broken and again welded and tilted, and this opera- 
tion is several times repeated, they become bars of 
German or shear steel. 

However great the care with which the process 
of cementation is carried on, the bars of blistered 
steel which result from this process are never wni- 
Q 3 
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f&rmly carbonised. To give to steel that wdji 
quality, which, for cutting instrameDts, is so de 
able, Mr. Huntsman, of Sheffield, conceived 
idea of casting it ; and this process is now commoi 
pursued. The blistered steel bars are broken ii 
small pieces, and put into crucibles of fine cL 
.whose mouths are covered with vitrifiable sand, 
prevent the access of the air, and the conseqni 
decarbonisation : the crucibles are then subjed 
to an intense heat, which, in four or five hon 
fuses the included steel. About twenty tons of co 
are required thus io fuse one ton of steel ; a fl 
sufficient to account for the high price of cast 
compared with other steel. 

An impure and variable kind of steel, cal 
German, or furnace steel, is obtained by carboni 
tion directly from the ore, or from cast iron. 

It has hitherto been found impossible to conv 
English bar iron into good steel. The iron usee 
all Swedish or Russian : it is brought thence, \ 
manufactured into steel at Sheffield, for every mar 
in the world. 

83. Casehardening. 
This is a process for converting the surfcuxt 
wrought iron articles into steel. The manufact 
of the articles having been completed, except 
polish, they are placed in an iron box, in layers 
layer of animal carbon (horns, hoofs^ skins^ 
leather, first so. burned as to admit of their be 
reduced to powder) being spread over each: 
box being then carefully covered and luted with 
equal mixture of clay and sand, is kept at a li 
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I beat for half an hour, and its contents emptied 

into water* There is thus oblainedj over the whole 
Qf tiie articles, a surface of hardened steel, the depth 
of which depends upon the time during which the 
proce^ of heating has be^n carried on ; in half an 
iiQUTf ft willy it is said, be extended to a depth sotue- 
wbat leas than the thickness of a sixpence. This 
metbod is peculiarly applicable to articles which 
m required to receive a certain degree of external 
hardness and a polish. It is not applicable to cut- 
^g iQitrumenta. 

^i. Effect of Heat on the Strength of 
H Cast Iron,. 

■Mesai^» Fairbairn and Hodgkinson found, in 
Btee reoent experiments, that when the temperature 
tff cast-iron bars was raiaed from the freezing point 
{^covering them with snow) to a blood-red heat, 
the strength was varied in the proportion of 950 
tc» 723. The effect of heat on the strength of iron 
*^ Hot, however, limited to the period during whicn 
^t is subjected to the heat ; in some eases it becomes 

K Permanent Diminutioji of the Tenacity 
H OF Iron Wire by Heating. 

Bf iron wire, after it has been first drawn out, be 
TSt into the fire, heated red hot, and then allowed to 
''Ool gradually, it will l)e found to have acquired 
&reat additional flexibility^ and to have lost nearly 
^€ half of its stretigth; all the extraordinary tenacity 
Quired by dmwing it is thus lost. The same u 
i of wires of otlier metals- 
a 4 
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86. Anmsalino of Cast Iron. 

It appears, from the experiments of Mr. Vi 
and Sir J. Hall, that whether a body in the ad 
cooling from a liquid state shall assume a cr^ 
Used form or a continuous glassy texture, depei 
upon whether it be gradually or suddenhf cool 
Upon the texture of a metal, as influenced by th 
circumstances, depend many of its most import 
mechanical properties ; as, for instance, its hardn 
and brittleness, or its softness and malleability. 1 
former qualities are given by coding it rapid 
the latter by cooling it slowly. 

When cast iron has, by too rapidly cooling, i 
quired the quality of hardness^ it may, in bo 
degree, be taken from it again by heating i 
second time, and cooling it graduaUy, A numbei 
pieces are piled upon one another, and covered im 
a heap of turf or cinders ; this is set on fire, \ 
when the inm has acquired a red heat, the fir 
allowed to go out of its own accord. Sometime 
gradual cooling is efiected by burying the ii 
when at red heat, in a heap of dry saw-dust 

The character of cast-iron is not in any ot 
way altered by this process, which is called onfft 
ing^ except that it is rendered more malleable. 

87. The different Mechanical Properties 
Hot and Cold Blast Iron. 

It has recently been discovered by Mr. Neih 
of Glasgow, that a prodigious saving of fuel in 
smelting of iron from the ore may be effected 
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propelling into the furnace, instead of the usual blast 
of cold air, a similar blast of air previously heated. 

The blast is now comnaonly heated, before it is 
propelled into the furnaces of the Clyde Iron- 
works^ to 600° of Fahrenheit ; and the expense of 
coals to smelt each ton of metal (including those 
used for heating the blast )^ averaged, in 1833, the 
blast being thus heated, 2 tons 5 cwt. In 1829, 
when the same furnaces were worked with the cold 
blast, it averaged 8 tons 1^ cwt. These coab were, 
moreover, formerly converted, at a considerable 
expense, into coke before they were Jised ; with the 
hot blast they are psed t^n-coked. 

From the first it was observed, that there was a 
difference in the mechanical properties of irons from 
the same ore melted by the hot and cold blast, and 
the former were believed to be of inferior quality. 
Accurate experiments, recently made by Messrs. 
Hodgkinson and Fairbairn of Manchester, have 
however shown that this is far from being the case: 
a Table, contained in the Appendix, gives the results 
of their experiments. From this, it appears that 
the absolute strength of some irons, both as regards 
tbeir tenacity and their powers of resisting compres- 
sion, is materially increased by the use of the hot 
blast ; this remark applies indeed to all the irons 
experimented on, excepting only the Buffery, No. 1. 
The Carron, No. 3., acquires, by the use of the hot 
blast, an additional power of resisting compression, 
amounting to no less than 8 tons on the square 
inch, and an additional tenacity of 1| tons on the 
square inch. 

It is to be observed, that hot blast iron possesses 
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softer quaUti^ under the hammer thau cold U^% 

being of a mure yield sng and malleable nature 
These properties have an analogy to those of an- 
nealed cast iron ; they, perhaps, connect themselvei 
ultimately with the operation of the same causes. 

88< The Tempering of Steix* 

Steel is satd to be most hardened when it h raised 
to the highest temperature which it can receive 
— a white heat — and then suddenly cooled by 
being plunged in mercury or an acid» or into a msM 
of lead. If, instead of these substances, water or 
grease be used to cool it, the temper ohiaiued is 
not so hard : corresponding to every diflereot 
degree of heat to which the metal is raiFedj there 
is a different hardness ; but as tliese are all dif- 
ferent degrees of red heat, which it is very diffi* 
cult to distinguish from one another, the workmett 
avail themselves of a remarkable property by whidi 
the metal can he made to lose, to any degree^ the 
hardening which it has acquired, by heatincf i^ 
again to an inferior degree, and allowing it to cool 
gradually. This is the process to 'which they havB 
given the name of tempering^ Commiiiiicatingi iB 
the first plaee^ to the steel a hardness above that 
which they require^ they then heat it again ovef 
charcoal j and cool it gradually, until sufficient of 
the hardness is taken from it, or until it is tem- 
pered to the required degree. This process is 
facilitated by certain remarkable changes of colour 
which appear in it as it undergoes this process of a 
second heating. These colours are, stntw-eoi&ured 
yellow^ purple redj viokt blue^ blue, clear wuiisry blue. 
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blour indicates the point at which the 
eating should be arrested^ to obtain the 
>f razors and pen-knives : the purple, that 
^-knives ; the blue> for watch- springs ; and 
Men cement of the red, for coach -springs, 
when it has received the highest degree of 
^ is more brittle than glass ; and thus the 
1 in coining, which are of the hardest steel, 
^uently break by^mere atmospheric changes 
srature. 

ig instruments, if highly hardened through- 
lid be e^tceedingly liable to break; it is 
t customary not to harden the parta near 
lie, or to temper them more than the rest, 
yielding of these may pre vent the parts 
e point from snapping, 

Tkmpshtng of the Alloy of Copper 

CALLED TaM-TaM, 

markable that copper possesses properties, in 
D its hardening and tempering, which are the 
of those of cast iron and steel ; when cooled 

becomes hard and brittle, but when cooled 
joft and malleable. In a yet more remark - 
>ee is this anomalous property possessed by 

composed of four parts of copper and otje 
illed tam-tam, used in the construction of 
jid other musical instruments. The eir-* 
ses under which it becomes malleable have 
late years become known in Europe ; and 
% now made here neariy as perfect as those 
linese. 
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90. The Annealing of Glass*. 

Glass admits of being hardened to a very higli 
degree ; and^ like steeU and by the same procm^ it 
may be iimde to lose, ic any degree, its hardtiess, 

In the act of cooling, under the hands of the 
workman J from the «tate of fusion in whicli it is 
blown, every article of glass becomes irregularly 
hardened ; and, if taken in that state into usej its 
brittlenesa wo aid be so great, that the sligbest 
shock or the slightest change of temperature woald 
be sufficient to break it : it is therefore transferred 
from the hands of a blower into a large furnace 
or oven, called the ker ; where it is for some time 
iubjected to an uniform heat, and then allowed ^- 
duail^ to cooL It thus becomes tempered* What- 
ever care may be taken in this process, certain 
phenomena of the polarisation of light neverthelaa 
show that the some temper cannat be diffused 
uniformity through any piece of glass, however small' 
Glass has, however, been so effectually tempered 
by Mr. Dent, as to admit of being formed iato the 
baJanee-sp rings of chronometers. 
* 
91- Prince Rupert's Deops, 

This name is given to pieces of glass, whicli. , 
being let fall into water when in a state of fusion, 
acquire a long oval form, tapering to a point; , 
which point being afterwards broken off with the ( 
fingers, the whole of the drop is thereby made to 
burst into minute parts* 

These drops present a remarkable instance of tha 
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;ular tempering of glass. The outside of the 
• is suddenly contracted, hardened, and ren- 
d brittle^ whilst the interior, cooling slowly, 
ns its eUuticUy: an equilibrium appears, in^ 
process of cooling, to establish itself between 
cohesive force of this external sheet and the 
ticity of the mass of glass which it compresses ; 
^hich equilibrium the entireness of the surface 
at the point or tail of the drop is necessary : the 
lanation of this last remarkable circumstance is 
nown. The fact is however unquestionable : the 
) may be struck a sharp blow on the thick part, 
even ground down on a cutler's wheel, without 
iking ; but if even a scratch be made upon it 
' the poirUy it will burst into a thousand atoms, 
[any of these drops burst in the water, in the 
9f making. 

' they be heated, and then gradually cooled or 
jaled, they lose entirely their property of ex- 
ing. 

^ith these facts manifestly connect themselves 
influence of heat upon crystallisation. 

MlTZCHERLICH*S EXPERIMENTS ON CHANGES 

r Crystallised Forms of Bodies by the 

PERATION OF HeAT. 

]. Mitzcherlich was first led to observe this 
from certain changes in the optical properties 
ilphate of lime, at different temperatures. Sub- 
ently he ascertained that sulphate of nickel, 
Q exposed to the rays of the sun in summer, in 
)8ed vessel, without any change in its external 
L or appearance, changed in a few days its 
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cryetallme structure, from the prbmatic form to 
that of the square octohedron; this fact was de- 
terrained by breaking it. An exactly sijuJlar change 
took place in selenmte of zinc, when exposed to the 
action of the sun on a sheet of paper- 
Crystals of sulphate of zinc and sulphate of nu^- 1 
iiesi% when heated in alcohol, by degrees lose their 
transparency ; and when broken, are found to be ( 
composed of exceedingly small crystals, differing 
totally from the f nginal crystalline fonna of tk 
salt(w 



ASCEVT OF WATER IN CAPILLARY TUBES 9^ 
CHAP. IIL 

CAPILLARY ATTRACTION, AND ADHESION. 

93. Ascent op Water in Capillary Tubes. 

Ip one extremity of an open glass tube be plunged 
jty.Jl4. in water, and the tube be held in an up- 
right position, the surffu^e of the water 
within will be seen to change from a plane 
to a concave surface, and to rise above the 
level of that without it 

94<. Depression of Mercury in Capillary 

Tubes. 
fig, 15. If an open glass tube be similarlj 
plunged in mercury, the surface of the 
mercury within it will become convexed^ 
and will sink beneath the surface of that 
without it 

Depression OP Water in Capillary Tubes, 

WHOSE Surfaces cannot be wetted. 

f the surface of a capillary tube be such that it 

lot be wetted ; if, for instance, it be covered 

a thin coat of oil, so that moisture will not 

re to it, the phenomena which it will present 

plunged into water, will be precisely the same 
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as those which are presented by a clean glass tube 
when plunged in mercury. The water will be re- 
pelled and depressed all round and within it 

96. The Phenomena of Capillary Attractiok 
AND Repulsion are not confined to thx 
internal Surfaces of Tubes, but commok 
TO THE Surfaces of all Bodies^ and onxt 

MORE APPARENT IN THESE. 

Thus, if a fluid be capable of wetting the sides 
of the vessel which contains it, as well as the tube 
plunged in it^ it will be seen to be praised, and to 
have become concave all round the sides, and 
round the outside as well as the inside of the tube; 
as in the last figure but one : and, in like manner, 
if the surface of the vessel and the tube be ineor 
pable of being wetted by the fluid, this will be 
depressed all round it, and have its surface convex, 
and all round the outside^ as well as the inside oi 
the tube. This effect is shown in the last figure. 

97. The Rise of Water between parallbi 

Plates of Glass. 

If two plates of glass be kept slightly asunder* 
and made perfectly parallel to one another by 
placing between them two pieces of wire^ cut froiK^ 
the same length, and if they be then plunged i^ 
water, a plate of water will be seen to rise betweel^ 
them. If a tube be taken, whose bore will jusl* 
admit the wire, or whose diameter equals the dis^ 
tance of the plates, the water will be seen to ascend 
in this tube precisely to the same height that it does 
between the plates. 



STPHON FILTER. ffj 



98. The Wick of a Lamp. 

The wick of a lamp or of a candle feeds the 
Qame by capillary attraction : it is, in point of fact, 
% fascicle of threads, the surfaces of which, being 
very nearly in contact, cause the ascent of the oil or 
melted tallow between them by capillary attrac- 
tion. 

99. An Iron Wick for a Lamp. 

If a short capillary tube of iron be placed up- 
right in a reservoir of oil, the oil will ascend in the 
tube, by capillary attraction^ to its top, and may 
there be lighted. 

100. A Syphon Filter, made with Threads of 
Cotton. 

If a fascicle of threads of cotton, such as forms 
the wick of a lamp, have one of its extremities im- 
mersed in a vessel of water, and be then brought 
over its edge, and be made to l\ang with its other 
extremity beneath the level of the. surface of the 
water in the vessel, then, by its capillary attraction, 
the water will ascend into the space between the 
threads of cotton; and, on the principle of the 
syphon, it will Jiaw out in drops at the other ex- 
tremity. If there be any impurities in it, these 
will be stopped in its progress by the fibres of the 
eotton. 
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lOU HiAVY Bodies made to float by Ca* 
^b FiLLARY Repulsion. 

If a smalt body repelling a fluid, or incapable of 
being wetted by it, be placed gently upon it — as^ for 
instance, a small ball of wait, or a needle rubbed 
with oil, upon water ^ — it will float. The repulsioE 
of the body causes a displace men t of the fluid h$* 
aeath and all around it; and since any body, im- 
mersed in a fluids is buoyed up with a force equal 
to the weight of the water it displaces, it follows 
that this body will float, provided the water it 61s- 
placesj and by the weight of which it is buoyed 
up, equab iis own weight; and it may be made to 
displace that quantity of water by its repulsion, when 
otherwise it would not. 



10£. Insects supported on the SaRFACE o» 
Watee by Capillary Uepulsion* 

It is thus that certain species of insects are lup" 
ported, and move about freely on the surface of 
water. Their feet are lubricated with an oily sab- 
stance, similar perhaps to that which gives a U^^ 
property to the feathers of aquatic birds* Thrs re- 
pulsive substance produces, beneath each foot ot 
the animal, a hollow in the surface of the fluiA 
which is in fact a boat, supporting it ; and J** 
body is thus buoyed up on as many such boats a* 
it has feet 
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3. The Attractions of Capillary Rods 

WHEN SUSPENDED IN A FlUID 

[f two capillary rods be suspended in a fluid. 



j^. 16. 

1 



parallel to one another, then, 
so long as they are at such 
a distance that the disturbed 
surfaces of the fluid immedi- 
ately about them do notcroM 
one another, no attraction or 
repulsion of the rods upon one 
another will be perceivable ; 
but when the disturbed sur- 
faces do thus interfere, such 
attraction or repulsion will im- 
... __ mediately become apparent If 

h surfaces be raised, or both depressed— that is, if 
:h rods attract the fluid or both repel it — then 
5 rods will attract one another : but if one sur- 
;e be raised and the other depressed, as in the 
needing figure — that is, if one of the rods be 
wble and the other incapable of being wetted by 
I fluid — then they will repel one another. This 
periment was made by Haiiy, with; two laminae, — 
e of which was of talc, and the other of ivory ; 
e former of these substances does not admit of 
ing wetted, that is, it is repulsive of water, the 
tter substance attracts it — thus, one depresses the 
•Qtiguous surface of the water, and the other 
^aUs it ; and where the elevation is made to meet 
e depression, a repulsion is immediately appa^ 
;nt. 



H 2 



100 ILtUSTRAriONS OF MECHANICS, 

104. The Atthaction and Repltlsion 

Floating Bodies. 
Two small balls of pith, or of wood, each of which' 
aUracts water, and, therefore, when raade to floal^ 
/?* 17. elevates it all round the line af 

contact with its surface, being 
brought near one another, so 
that the elevations inter fere/mU 
Attract one another. In like manner, two small balls 
of wax, or smoked pith balls, which repel water^ 
being m^e to float in it^ or two small iron M\s 
made to float in mercury ; when their depressieni 
interfere, attract one another; but if a pith-ball 
and a ball of wax, or another pifch-ball which has 
been held over the smoke of a lamp, be made so to 
approach that the depression of the one [iiterferes 
with the elevation of the other, they are immediately 
Impelled- 

105. The Attb action op Needles floatiso 

ON Water. 
If two needles be slightly rubbed with grease* 
and then placed with care on the surface of the 
water, they will float upon it, depressing it all arouD^ 
them. If, when thus floating, these needles be raad^ 
to approach one another, so that their depressions 
interfere, they wiU immediately rush into contacts ^_ 

106- Attraction' and Repulsiok of smal^" 
Bodies by thb Sides of Vessels, 
It is on the principle just stated, that the sides of 
vessels, containing water, attract smoW bodies, floating 
upon it, when the material of the vessel and of the 
floating body are both capable or both ineapable of 
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being wetted, and repel them when one is capable 
Df being wetted and the other not 

In the first case^ the attraction takes place when 
the elevation round the body interferes with the 
elevation round the sides of the vessel, or the de- 
pression round the body with the depression round 
the sides. 

In the second case, the repulsion occurs when the 
elevation round the one interferes with the depres- 
sion round the other. 

If the vessel containing the water be 5rtm-full, 
so that the water stands all round above its edges^ 
then, since its surface will be depressed or convex 
at its edges, instead of concave, as when it stood be- 
neath the edges of the vessel, the c^o^t^'phenomena 
will occur. All bodies floating upon this surface 
will be repelled towards its centre, unless they be 
in their nature such as cannot be wetted. 

107. When a Capjllary Tube is taken out op 
THE Fluid in which it has been plunged, A 
Portion of the Fluid which remains in it 

STANDS AT A MUCH GREATER HeIGHT THAN IT 
STOOD BEFORE. * 

fig, 18. Thus, if A B be the height of the ca- 

pillary column when the tube was im- 
mensed, then, when it is lifted out of the 
fluid, it will have become A' B', con- 
Bld ^ siderably greater than A B ; and, if the 
aides of the tube be very thiny the sus- 
pended column, when thus withdrawn 
^^ from the fluid, will even be doubU that 
which it was before. 

h3 
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This greater elevation of the eapillarj colamn, 
when the tube is withdrawn from the fluid, is 
produced by the drop, which, when it is with- 
drawn, is suspended from its lower extremity.: tbf 
force of attraction between that drop and the end 
of the tube sustains the additional column. In 
the case of a thin tube, this drop has an extremely 
convex surface ; in the case of a thick tube, it is 
spread out and flattened ; it is on this circumstance 
that the greater elevation in the thin than the thick 
tube is dependent 

108. Water will not, under certain Circum- 
stances, FIND ITS Level in a Capillabt 
Syphon. 

Water being poured into the larger branch of » 
bent tube (such as that shown in the accompanying 
figure), will immediately attain the same level is 
fig, 19. both branches of the tube until it 
reaches the extren^^ty of the shorter 
branch : instead of then flo\« ing out, it 
will accumulate, and its surface will rise 
in the longer branch ; whilst, in the 
shorter, its surface will remain fixed, 
becoming, at the same time, less and 
less concave, until, at length, it is pe^ 
fectly flat, as in the second figure ; as yet more 
water is poured in, this flat surface will become con- 
vex, the water rising in a drop (as in the first figure)* 
until, when this drop has become a hemisphere^ the 
height A' H', having become double of A H, it will 
burst, and the surface A' will fall a greater or a less 
distance, according to the thickness of the tube. 
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109. To MAKE A VeSSIEL FULL OF HoLES, WHICH 
SHALL YET CONTAIN WaTEB. 

If a vessel be formed of wire-gauze, of iron or 
brass, then, the meshes being small, it vill hold a 
certain depth of water ; for to each mesh will be 
fixed, by capillary attraction, a drop, which, as in 
the experiment of the tube, will, by the force of its 
adherence to the mesh, be sufficient to support tha 
weight of the water immediately above it, provided 
the height of the superincumbent column, that is, 
the depth of the contained fluid, do not exceed a 
certain limits determined by the smallness of the 
mesh. 

1 10. To MAKE A Vessel full of Holes, which 

SHALL FLOAT. 

If a vessel, constructed of wire-gauze (as above), 
be immersed in a fluid, the fluid will not enter it, 
unless it be sunk beyond a certain depth; for to 
each mesh will, as before, be made to adhere a small 
portion of the fluid, which, by the force of its ad- 
herence, will prevent the rest of the fluid from en- 
tering by that mesh. 

Ill, Effects of Capillarity in the Baro- 
meter Tube. 

The top of ihe column of mercury suspended in 
the barometer tube, should, evidently, be a convex 
surface, glass being repulsive of mercury. The re- 
mark was, however, made in 1780 (by DonCasbois), 
that if the mercury be for some time boiled in the 
neiseuiial tube before it is hermetically sealed, a 
a 4 
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perfe^jt T^cuum maj' be obtained ; instead of beiu^ 
thus convex, the surface will be plane, or even con- 
cave; a fact which seemed to indicate an anomaloas 
Bttmction of the glas&, which might interfere with 
the accuracy of barometric admeasurements. Tfte 
circumstance has been recently explained by 
M, Dulong, who has shown that the surface of tfee 
mercury is chemically affected by the ebullitiOB, 
And becomes an oxide whose capillary properties are 
no longer those of the mercury,. 

112, The Heights to which a Fluid ascends 

iJf DIFFIEENT CaPICLABY TuBESj ARE OHEATII 

AS THEIR Diameters are less. 

Thb will be strikingly seen if a number of capil- 
lary tubal, having different diameters, be placed 
side by side in a coloured fluid i the fluid wUl 
stand at different heights in all, being highs^ lA 
those whose diameters are leasL 

113- The Heights to which the same Fluid 

ASCENDS IN different CaJ'ILLARY TuBESj 
DO NOT DEPEND OK THE ThICKNESS OF TH^ 

Tubes. 

If tubes be taken of different thieknesses, but tb^ 
same internal diameter, and partly immersed In tb^ 
same fluid, the fluid will be seen to stand at tli^ 
\ height in all. 
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J 14?. The Heights to which the same Fluid 

ASCENDS in different TuBES, DO NOT DEPEND 

UPON THE Substances out of which the 
Tube are formed^ provided only they be 
Substances which do not repel the Fluid^ 

OR WHICH admit OF BEING WETTED BY IT. 

It is found, by experiment, that the heights to 
'Which the same fluid — water, for instance — ascends 
in tubes of glass, iron, lead, tin, wood, &c^ are the 
same, provided the bares of these tubes be all of the 
same diameter. 

115. The Heights to which different Fluids 

ASCEND ik the same TuBE, ARE NOT THE 

same. 

A heavier fluid ascends to a greater height than 
a lighter ; thus, water ascends to more than twice 
the height of alcohol, as will be seen by the table 
of Gay Lussac's experiments. 

I 116.* The Heights to which the same Fluid 

ASCENDS IN different CAPILLARY TUBES, ARE 
INVERSELY PROPORTIONAL TO THE DIAME- 
TERS OF THE Tubes. 

That is, in whatever proportion the internal dia- 
meter of any one tube is less than another, precisely 
in the same proportion is the height of the capillary 
column in the first greater than the height of that 
in the other ; so that a tube of J the diameter will 
have a column of twice the height ; one of ^rd the 
diameter, a column of 3 times the height, &c. To 
determine this law accurately, the experiments must 
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be made witli much care, and especially the ti 
must be perfectly clean ; for, as we have sho 
the attraction may be converted into a repulsion 
the slightest covering of any oily substance u] 
it. In order to get rid of all foreign substan 
on the surface of the glass, it is found that it m 
be chemically cleaned ; and that upon this dean: 
the precision of all experiments depends. Aci 
or alcohol, must be passed through it, according 
the nature of the impurities to which it has be 
liable ; and it must throughout be wetted befo; 
hand with the liquid in which the experiment 
to be made. 

The most accurate experiments on this subj( 
are those of M.Gay Lussac The apparatus used 
him is represented in the accompanying figu 
A B is a tall cylinder of glass, placed on a stai 
capable of being levelled by screws; M is \ 
surface of a liquid contained in it ; and M N is 
capillary tube, partly immersed in it, and si 
ported by a piece which rests upon the edge 
the vessel : beside the glass vessel is a vertical n 
with a divided scale, along which is moveable, 
means of a micrometer screw, a small telesco 
To measure the height M N, of the column 6 
pended in the tube, the telescope is moved v 
the summit N of the column is seen on the ci 
wires of the telescope : the tube is then moved ali 
to the side of the vessel, and the screw K is m 
to rest, by means of a piece similar to that wl 
supports the tube, upon the edges of the vessel, < 
turned until its point K just touches the surface 
fluid in the vessel ; then, a little of the fl 
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Dg been removed with a tube *, the telescope 

nade to descend until the extremity K of the 
m U just seen on it« croas wires* The height 
Hte scale at which the teleseope before etood, 
Dg he^n observed^ and the height at which it 
•stands, the difference between these two heights 
!&t of the capillary column. The following table 
bdoB the result thus obtained by M< Gay 
iac; — 

Htia b a method comrnonly used for taking out from & 
• vase BEuall quantities of a liquid it conttailis^ The tube ia 
^ mto U with bath its eittrcmities open, and Iheo dmwn 
|kh the upper eitrcmlt j closed with the finger, tbc pres- 
)si the atmosphere &oin without keeps a large poftion, af 
|ud^ which had cntcf ed the tubeii from flowing out of iL 
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FhiUEipd^ 






W»t«r - 



1-000 
0-SJ96 
0-8595 
0^9415 
0-8135 



8P 



l-^t»*% 



Uihtfrn 
23-1^34 
9 1R23 
9-301 
9-997 
7^78 

9*8516 



€-401t 



In theie experimeDts the ratio of the diameten 
of the two first tubes ia 1 : 1-47* ; and the ratio of 
the heights of the eapillar^ columDi kj for valerj 
1486 t I ; and forateoholj 1-4S4 ; 1 ; which resulls; 
priwiicalfyt coincide with the law. 

117.* The Elevation of Watee betwei!? 
Plates op Glass slightly ingliked to one 

ANOTirKll. 

If two plates be placed in water^ in the position 
rf^ 21^ shown in the figure, the vater 

^ ^ will rise bet w ee n th em ^ i ta sur- 
face forming a curve, whicV 
on examination, is found to bi 
that which is called, by ma^ 
thematicians the hyperbolt 
This is easily explained, th< 
greater elevation of the watel 
near the angle of the plates is caused by the less dis- 
tance of the surfaces of the plates from one anothe 
there* This distance of the plates from one anothei 
&t different points, is, by geometry, proportional 
the distance of those points from the angle 
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plates : now, it follows from tbe experiment, 
le 97*^ and from the last article, that the heights 
hich the water is raised between the plates at 
rent points, are inversely proportional to the 
noes of the plates there ; they are therefore in- 
ily proportional to the distances of these points 
the angle. Thus, then, the heights of the dif- 
It points of the surface of the water are in« 
.'ly proportional to their distances from the angle; 
operty of the rectangular hyperbola between 
isymptotes. 

Of the Force with which Fibrous Sub- 
ances imbibe moisture by capillary 
rxraction, and thereby increase their 

JLK. 

le following is said to be a method/ used in 
06 for quarrying, in one piece, the large flat 
s which are used as mill-stones.^ A whole 
: of the stone being found, of snfiicient dimen- 
, it 'is hewn into the form of a solid cylinder, 
al feet in height, and of the diameter required 
k mill-stone; this block is destined to form 
al mill-stones. To cleave it into them, deep 
res are cut round it, where the divisions should 
place ; and into these grooves wedges of wil- 
rood, thoroughly dried in an oven^ are firmly 
n : these wedges, being sunk to their proper 
I, are moistened, or left exposed to the humidity 
le night : they take up the moisture by the 

36 Montucla*s Philosophical Recreations, Hutton's trans- 
voL lY. p. 157. 
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cftpillary attraction of their cotitiguoiis fibres, aarf 
tJiereby swell out their dimensions with such pro- 
digious power as to overcome the coheaiun of the 
wide surface of the seclion of the stonct luid 
divide it. 

Another phenomenon, referable to the same prin- 
eiple, is, the lifting of great weights, by fasten- 
ing a eord to them by one of its extremities, and tft 
some firm attachment above them by the other» 
J,«tretehing it tightly, and then wetting it ; the copd 
will imbibe the moi«ture by the capillary attra^tiaB 
of its contiguous fibres, and swell out its bulb viifcli 
prodigious force ; and in the act of swelling it will 
shorten its length, and lift the weight, 

X19* The Theory of Capillary Attraction. 

Matter has been shown to be composed of 
elements which are inappreciably and infinitely 
minute. 

It is between these infinitely minute elenieiita 
that the greater number of the forces known to us 
have their only sensible action; and there we cannot 
follow them, to inquire into the iatv of that action* 
Although these forces — which are called molecular 
forcea> and which include among their phenomepa 
extensibility, compressibility, elasticity, the strength 
of materials, and capillary attraction — only thus 
operate sensibly at ini*cnsible distances i yet d(»e§ 
their operation result in certaiit manifest and seo' 
sible properties of the matter in which they reside* 

Thus, for instance, extensibllityj elasticity, and 
cohesive strength, are sufficiently sensible qualities 
of matteTj although the molecular forces — from 
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vrhich they result, and into which they ultimately 
resolve themselves — lie hidden, far from our view, 
among the inexhaustible divisions of matter. 

But are there not, it may be asked, in these 
sensible phenomena, numerous as they are, some 
indications from which we may reason back to the 
elementary forces of which they are complicated 
results? May we not resolve this complicated 
manifestation of force into others more simple, 
these into others, and so on, until the reason has 
thus followed them where the senses could not, 
and the eye of science seen their operation be- 
tween particles of matter, and measured it through 
infinitesimals of space, where every appliance of 
physical sight has long lost it ? It is not to be ^- 
spaired of, that this may, in some state of philo- 
sophy^ far advanced beyond that which belongs to 
it now, be effected. At present we do not approach 
that state. 

That molecular force whose theory has been 
most successfully investigated is capillary attrac- 
tion ; and that theory assumes as its basis, an en- 
tire ignorance of the law by which one particle of 
matter attracts another ; it supposes only that this 
law, whatever it may be, is the same when it is a 
solid which attracts a fluid, as when it is a fluid 
which attracts itself; the same law of attraction, 
but a different intensity of attraction. 

Clairaut was the first, starting from this simple 
and almost self-evident hypothesis, to prove, by the 
inexhaustible resources of mathematical analysis, 
that this one condition was sufficient If the intent 
n(y of the attraction of the solid on the fluid wao 
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greater than ^filf that of the^ fluid on itself, 
fluid would elevate itself about the solid — if iii 
hsSi it wmtld depress it^self — and if it was e^tmlj it 
would neither elevate nor depress itself. 

La Place, — taking up this theory of Claims t, 
and comhining with his hypothesis this evident 
principle, that the unknown law, whatever it oiaj 
be, causes the attraction to diminish so rapidlyi 
that at sensihk dist^uces it becotnes insensibk} m^J, 
reasoning with admirable ingenuity on the principle* 
— has succeeded in explaining every one of the pk- 
nomena of capillary attraction which have been de- 
tailed in this work, with an accuracy which extends 
even to precise linear admeasursmeiti / and majr be 
considered as ofl^ering one of the most remarkable 
venfications that theory haa ever received from ei- 
periment. This verification, however, unfortijnalfilf 
indicates to us the fact, that various as the pheno- 
mena of capillary attraction are, they are none of 
them sufficient to manifest to us the real la^ <>» 
the force on which they depend. That law U i^^ 
desiderattimf and they leave us in utter ignorance 
of it. 

It may be mentioned, that iome of the principled 
of the theory of Clairaut and La Place have been 
impugned by Poisson, in his recent work " On C^' 
pillary Attraction;" but it would seem without 
sufficient ground, 

* See Professor Cballis'a valuable report <*Ofl tin* Theory ^ 
Capillnry Attraction,** in the third rolumc of the " Reports rf *^| 
Biitdsh A^ocktion of Sciences" 



130. Application op Capillaky Attraction 
TO Assaying. 

There ie a very beautiful application of the prin- 
ciples of capillary attraction in the process by 
which the precious metals are separated from fo- 
reign ingredients* The method is used generally 
in assaying, — and is called Cupellation ; we ahati 
describe it, as we have seen it applied to the sepa- 
ratioti of gold and silver from the dust which ta 
swept from the shops of working goldsmiths and 
jewellere** 

A portion of this dust is mingled with a certain 
proportion of an oxide of lead (red lead), and a 
amall quantity of flux, and placed in a flat crucible^ 
called a cupel; the material of which is finely 
powdered bone- ash, made into a paste, and moulded, 
by pre^jsure, into a circular mould. The cupel, 
whose bottom and sides are of great comparative 
thickneL^.^j is then placed in a small earthen oven, 
called a muffle^ which is so introduced into the 
assay furnace, as that a free admisBion of air shall 
be allowed to the contents of the eupeL 

The mixtare soon enters into a state of fusion ; 
and the oxide of lead dissolving the foreign ingre- 
dient% and uniting with itself continually more and 
more of the oxygen of the air which has admis- 
sion to it, becomes more and more liquid, until &P 
l^tigth it has reached that state of liquidity in 
wtich the intensity- of the attraction of its particles 

^B* Theise sweepitigs are corefiilly preserved, they become an 

^rtide of commerce, and th^ assaying of them ia a Mspikrate trade. 

I 
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for one another, is not so much as double that of 
its particles for the solid material of the cupel 
This limit of liquidity being passed, the whole fluid 
mass of scoria (composed of the oxide of lead, and 
the foreign ingredients dissolved in it) passes, bj 
capillary attraction, into the porous material of 
the cupel, whilst the metallic substances, gold and 
silver, — which have been melted, but have not 
partaken in the oxidisation of the lead, and hafe 
not therefore passed the supposed limits of fluidity 
^-remain behind, collected in a globule in the bot- 
tom of the cupel. When the whole is cooled, the 
globule of gold and silver is taken out ; and the 
cupel being broken, the mass of scorea is found 
collected in a cake, in the substance of the bottom 
of it, there being no external indication of its pre- 
sence there.* 

The process, above described, is that used for 
testing the average quantity of the precious metals 
in the sweepings, before they are purchased. It iS) 
however, an epitome of the process by which the 
separation is made on a larger scale ; except tiiat 
various contrivances are there introduced for econo- • 
mising it. Metallic lead, for instance, is made to 
supply the place of red oxide of lead; and, by «'* 
ingenious process, this lead, after being used, ^ 
separated from the scoria, and made again ^^ 
Again, to serve the purpose of the refiner. T^® 
cupel used is made shallow, and of large dimemdoU^ * 



• The silver of the metallic globule, which remains in *^ . 
cupel, is separated from the gold by solution in nitric add, w^ 
precipitated from this solution by immersing in it bars of copp^^' 
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: IS propelled upon the surface of the liquid masa ; 

d^ as in the process of oxidisation the lead in- 
ea^ee its volume, a portion of it i& allowed to run 
er the sides of the cupeL 

11. The Agency of Capillary Atthactioit 

tiK Nature, 
t it not be supposed, that the phenomena of 
kpiliarj- attraction are limited to mere earner i- 
ents in physics, or to its applications in art. Ca- 
Uarity is one of the moat active principles in 
Lture, What is it but this ubiquitous power, 
hich retains in the i^oil of the earth the muLiture 
*ce^ary to vegetation, ministering it^ drop by drop, 

the radicles of plants and trees ; conveying it, at 
le time, beneath the surface, down the slope of 

hill, to the valley beiow^ or to some deep- sun ken 
'servoir; thence lifting it up again to quench the 
drst of the patched herbage ; checking its progress 
I the streanii?, which it would otherwise swell 
istantaneo^isl^ to Jloods — floodSj whose waters^ 
aving uselessly deluged the land, would be lost as 
selessly in the ocean* Take awatf capillary at* 
motion, or aiier it, so that the intensity of the 
ttraetion of the solid substances which compose 
lie soil, for water, shall be ieis instead of raore than 
i«lf the intensity of the attraction of water for 
tself ^ arid the earth muat become a desert Rain 
would tall upon it as mercury falls upon a piece of 
^tass — it would roll off it in drops. There would 
be Qo fertilising influence in the shower ; no 
Qiobture could reach the parched roots of olants 
wul trees ; vegetation would become extinct — and 
I 2 
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animal life would gasp itself away in a thick at- 
mosphere of dust 

The greater apparent elevation of water, and the 
greater force of capillarity in its operation in many 
natural phenomena than in artificial tubes, is to be 
explained by the extreme proximity of the surfaces 
between which it there acts. The elevation of 
water in a tube is inversely proportional to its 
diameter, or, between two plates, it is inversely pro- 
portional to the distance of the plates ; thus, if w6 
kept halving the diameter of a tube, or halving the 
distance between the plates, we should kee^ doubling 
the elevation of the Jluid. Artificial tubes maj 
thus be made to elevate water to a remarkable 
height: but nature provides tubes infinitely finer 
than any that art can reach ; and to the capillary 
elevation of fluids in them, there seems to be no 
limit. The same is the case with particles of earth 
and sand ; the close proximity of their surfaces to 
one another, gives them a power of capillary attrao* 
tion, which is almost without limit. 

122. Endosmose and Exosmose. 

M. Dutrochet having introduced into the swim- 
ming bladder of a carp a thin mucillage^ effectually 
closed up the aperture by which he introduced iti 
and placed the bladder in water, found, by weigh- 
ing it, after it had remained there some time, that 
its weight had considerably increased: the water 
in which it was immersed had, in fact, made its way 
through the substance of the bladder, and mingled 
itself with the mucilage. 

He then filled the bladder with water, and im* 



lersed it in the thin mucillage, and found that the 
pposite phencimcnoB took place. The bladder and 
s con ten U lo^t weight: the water made ita way 
I rough the substance of the bladder into the mucil- 
ige- These phenomena he afterwards developedj 
nder a great variety of other circumstances ; and 
illed ihe Hrst midosmost^ and the other, exomime. 
His subsequent experinients will best be under- 
:ood from the description of an instrument^ which 
e calls the endomtometer ^ and which is represented 
^3. 22, ij, i^jjg accompanying diagram. It repre- 
sents two reservoirs — an outer, C, and 
an inner one, A ; which may be of glass : 
the inner one is open at the bottom, and 
is supported above the bottoTOj and away 
from the sides of the other: a vertical 
tubej Bj id fitted into the top of it by 
grinding* Over the open bottom of the 
inner reservoir is stretched, tightly, a 
membrane of bladder, or there is cemented 
I across it a piece of slate, or other porous 
^substance, whose properties are the sub- 
let of experiment. 
Now J suppose water to be contained in the ex- 
erior reservoir, and alcohol in the interior; the 
wo fluids will then be dwided by the partition of 
bladder* or the porous solid plate forming the bottom 
of ike inner reservoirs. 

This division of the two fluids into two separate 
chambers will not however be sufficient to prevent 
tbem minfflin^* Through the substance of the par- 
titiciQ the water wil!, in a few minutes, be seen to 
We made its way, by the rising of the alcohol in 
J 3 
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the tube ; and, if the tube be not more than 16 
inches in lengthy in the course of a day the al 
will have risen to the top of it, and flow over. 

This remarkable fact is hitherto entirely 
explained. Dutrochet is said to have ascerta 
by the most delicate experiments, that it is ac 
panied by no perceptible traces of change ii 
electrical state of the substances concerned^ 

If one of the vessels contain water and the ( 
gum-water, or acetic acid, or nitric acid, or ( 
cially hydrochloric acid, the exosmose will be. 
the water. 

Besides bladder, numerous other animal, as 
as vegetable, substances present similar phenoi 
of endosmose, and partake of it in common 
inorganic substances — such as plates of baked e 
of calcined slate, and of clay. 

The extreme elevation of the liquid in the t 
marks the force of the action: that elevatio 
different for different liquids, and when parti' 
of different substances are used. 

Dutrochet found water thickened with suga 
the proportion of one part of sugar to two par 
water, to be productive of a power of endosn 
capable of sustaining the pressure of a colun 
mercury 127 inches in height. Dutrochet concei 
on no sufficient grounds it would appear, thai 
dosmose was the immediate agent in all the pb 
mena of vegetable life. 

123. Adhesion of Plates of different I 

STANCES to the SURFACES OF FlUIDS. 

If a plate of any substance be brought into 
tact wV' ' "liace of a fluid, it will immedif 



be fierce! ved that aa ELdliesion hoA taken place be- 
tween the two, which may be measured by allac}i' 
ing the piate^ by meanfl of a strhig, to one extremity 
of the scale of a balance, and adding weights in 
the other scale-pan until the adhesion is overcotne. 
The following table contains the results thus ob- 
tained by M. Gay Lufisac, with a plate of glass; — 



niil4i nporimcDted cm. 


Gratity, 




Weight neccsiiiry lode- 
Uch m cirrutar dlac of 

iuillj.mei45rti. 


Witer . - - . 
AlKihol ^ - - 

£isenee of Tere- \ 
biuthiim - J 


1-000 

0,^595 
0-9415 

0-8605 


8-5 
B 
10 
8 

a 


Ufanilnes. 
59-40 
31 ■08 
32-87 
37 -15 

34-10 



'A"Hisc of copper or of any other substance, of 
the same diameter, and capable of being wetted by 
the fluid? gives exactly the same reeulti A eirctim- 
staoce which is easily understood \ for the surface of 
, the plate always brings away with it a thin film of 
tile Huid : it is the adhesion of this film of tJuid to 
the rest which is therefore broken. 

M* Achard — by whom an extensive series of ex- 
periments on this subject was made, and their re- 
sulti published In the Berlin Memoirs for 1776 — 
found I by varying the atmospheric pressure, under 
*bich his experiments were made, that the results 
Were wholly independent of it. Varying the tem- 
perature, he ibund that as it was increased^ the ad- 
hesion uniformly diminished. 

When the substance of the disc is repulsive of the^ 
fltlidi or incapable of being wetted by it^ it is found 

I 4r 





that an adhesion of the two ^tfll exists ; whU 
nevertheless, exceedingly variable, depending on 
the time during which contact has been allowed to 
take pkce. Thus M. G. Lussac found, that to se- 
parate the disc of glass used before, from the surface 
of mercury, the weight required increased, with the 
time of adhesion from 158 to 296 grammes* In 
this case the adhesion of the fluid to itself is 
stronger than its adhesioii to the plate. 

It is found that^ under these circumstances^ dif^ 
ferent metals have different forces of adhesion to 
the surface of mercury. 

M. Guyton de Morveau (Elements de Chyimei 
1777i) found that the separation of a circular disc 
of pure gold, one inch in diameter, from the surfa^se 
of naercury, required a weight of 446 grains; ^ 
equal disc of silver, 429 grains ; a disc of tin, of tlie 
fame size, 4) 8 grains ; of lead» 397 grains ; of Bis^ 
muth, 372 ; of platina, 282 ; of zinc, 204 ; of copper, 
142 ; of antimony, 126 ; of iron, 115 ; of Cobalt, 8^ 

These forces of adhesion appear to be in the prfl* 
portion of the chemieai affinities of mercury to th^ 
different metals experimented on ; they were looked 
upon in that light by M. Guyton* 

]24i Adhesiok op a Column of Mercury to 
THE Internal Surface of a Capillary Tub^- 

The following fact was observed, in 1792, ^f 
Huygens: — A barometer tube, 70 inches in length* 
and a few lines in diameter, having been w^ 
cleaned with alcohol, filled -with mercury, fr^" 
from all aiti and then carefully inverted^ it wi 



[««ea with amazement, that the column^ instead of 
^^cending to the barometric height, remained su^> 
P«atled, until the tube had been several times slightly 
^aken, when finally it occupied its proper position 
of 28 inches. This phenomenon, which occurs under 
tie same circumstances whenever the tube is tho- 

I -Tonghly cleaned, is evidently a result of the ad- 

fierenoe of the mercury to the tube* 

12St Adhesion of Plates of Glass to okb 

ANOTHEJl. 

^rVhen pieces of plate g-lasa have received their 

last polish from the handi^ of the workman, it is 

customary to clean them, and to place them in a 

vertical position in the warehouse, somewhat like 

books on the shelves of a hbrary* In this posi- 

fe tion they not unfrequently acquire, in the couj^e 

F t»f tijiie, an adhesion, which renders it very difficult, 

I snd sometimes impossible, to separate them. Three 

K cr fouj. p]a(;pg have been thus absolutely incorpo- 

■ ^ated^ so that they might be worked as one piece, 

r and even cut with a diamond^ like a single piece. 

F ^- r*ouiHet states that he had seen pieces of glass^ 

"Ills united, from the royal manufactory of St, 

J^obij^j which adhered as perfectly as though they 

^ been melted together* An exceedingly great 

^^chanical force was applied, to cause them to slip 

Pon 0110 another ; and when at length they yielded, 

^as found> on examinatiou, that the plates had not 

, P^t^ated at their common surfaces, but that th* 

**^fcness of the glass had been torn away; so that 

^ **ie surface of one, still adhered a lamina of the 
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CHAPTER IV. 
STATICS. 

DEFINITIONS. THE BQUIUBRIUM OP TBBEE PHESSUBI9. 

THE El^UlLlBRTUJi: OV ANY NLTMBER 0¥ PEKSSUHEa 

Of THE BAME PI^AKK ^ THE LEVER- THE WBMt 

AVD AXLE, ^ THE COMPOSITIOK AND RBSOLirTlON Of 

VfyRQESj, -^ THE CBNTBB tlF OBAVtTY» -^ THE REfiJST- 

AKGE OP A fitTRFACE. FRICTION THE JNCl-tN^ 

PLAlfE, THE WEDGE. THE BOREW, THE t^Vt' 

LIBRIUM OP BODIES IK UOKTAOT. PIERS. ^ABOHEfl- 

Force h that wbich produces or destroya motiani 
or which i€?ids to produce or destroy it. 

That which is the subject of motion, or a tend- 
ency to motion, h Matter. 

126. Equilibrium, 

When the tendency of a force to communica** 
motion di>es not take effeet^ it is a thing of daily e*' 
perieHce and observation, that there eiists %oV^^ 
other force or forces, having, one or more of th^^' 
an opposite tendency; which other forces are ^^ 
causes of the quiescence. That state of a body ^ 
whichj being acted upon by certain forceS:^ it ^ . 
mains at rest, or as it may be termed * the stat^ ^ ^ 
iU forced rest, is called its state of EquilibriiT^^ * 
and the forces which constitute that mutate are s^^ 

r Pressures, 



^^Xj 
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x%l* Forces of Pressure, akb Forces of 

Motion. 

Preas^xres are, then, forces whose tendency to 

ptoQice motion in a body does not take effect; and 

( *W are thus distingubhed from tboae in which 

tliis tendency di3€S take effect, and which are Forces 

OF Motion. 

The laws which govern the operation of these 

^^^ great classes of forces are as different as are 

fAair phenomena, and the circuraytancea under 

•^Hicli they act, Nevertlieless there have been 

^"O^n to exist certain reluHons between them, so 

*^^t the phenomena of either may, in a degree^ be 

*'^iiced from those of the otber< 

The general laws which govern the varioBS re- 
jettons of forces of pressure will first be discussed 
j"? this work ; and then those of forces of motion, 
^ ^e former discussion belongs to a science, called 
^f^^ science of Statics, from a Greek word 
^^^^i)s signifying to stand, or to be in a state of 
*^st; and the latter, to a science called that of 
^^KAMics, from a Greek word (^u>'a/itg), implying 
J^ice coupled with motimu 

W^%. The Relation between Three Pres- 
sures ixEomLrBRiuM. — TheFarallelogram 
OF Pressures* 

This fundamental principle of Statics will be 
lily understood from the follomng experiment: — 
Let a board be made to float on the surface of 
r, in a vessel 611ed to the brim. 
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Let three strings, attached to different points, 
Py Q, R, in the surface of this boards be made to 

fy. 23. 




pass over pulleys, the heights of which are so ad« 
justed that the strings may just lie^^^ upon the 
board : from these strings let different weights be 
suspended^ and let the positions of the pulleys be so 
adjusted that the board may float free of the sides 
of the vessel, and that each string may run freely 
on its pulley. When the whole has, under these 
circumstances, come to rest, the following remark- 
able relations will be found to obtain, between the 
directions of the strings and the magnitudes of the 
weights attached to them : — 

1st. If the directions of the strings A P, B Q, C R» 
heprodttcedy they will all meet in the same point, 0. 

2d. If in AP produced, ON be measured offi 
containing as many inches as there are pounds 
weight in the weight acting on the string AP* 
and in BQ produced, OM be measured off, con- 
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taining as many inches as there are pDuDdi» in the 
weight attached to BQ, and if a parallelogram, 
ONLM, be then drawn^ having OM and ON for 
two of its adjacent sides, then wilt the diagonal O L 
of this parallelogram be exactly in the same straight 
line with the third string, C iL 

Sdly. The mfmher of inches in the diagonal L 
of thisi parallel ogram will exactly equal the number of 
poiuiils in the weight attached to this third strings 
CR. . 

The weights have been supposed to be measured 
in pouTidst and the distances in inches. Any other 
unit of weight, an ounce or an hundred weight 
might have been used, and instead of inches the 
tlistaQces might have been measured in eighths^ or 
m tenths^ or in any other fractions, of an inch, or 
in feet or yawla. The law which governs the equi- 
librium of weights ia manifestly that which governs 
the equilibrium of any/ other pressures whatever i for 
^ Wfiight may be taken equivalent to any pressure: 
©oreoverj it will be found to be true for any weights 
Jfktever. Thus^ then, it appears that this Jaw of 
i parallelogram of pressures is true for any pres- 
"Mres, and is a general law. It is usually proved by 
*Wry, and is the foundation of the whole theory of 
Etatics, 

The board is floated, to neutralise its gravity j 
'fliich force would introduce other forces into the 
.iyitemi and interfere with the equilibrium of the 
L Kiree, were the board laid upon a table, or only 
^lispended between the pulleys* That the experi- 
fllent may completely succeed, it is necessary that 
tJie pulleys should be of the best workmanship^ and 
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U wnidcnUe waejikai 

1 29. Tbz Equilibkium of axt Xumbkk or Prei- 

fel'KEB IV THZ SAME PlASE. ThB PbISCIPU 

OF THE Equality of Momexib. 

Let us DOW sQ]^MMe, that instead of the ikne 
prcMures applied to the board in the last exp^ 
ment, there were mty mmmber^ m shown in the 
accompanying figure. 




The pullies being adjusted as before, and th« 
board having come to rest, the following relatioi 
will be found to obtain between the magnitude 
and th(! direction of the pressures: — 

If any point M be taken on the board, and pei 

fumdiculars Mm, Mm, &c. be drawn from M on tl 

1 t 
directions of all the strings, or on those directions pr 

ciucod, and if the number of inches in the length 

rach perpendicular be multiplied by the number 
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ouDcL* in the corresponding weight*, and this 
roduct be called die mommit of that weight ; then 
he momenis of all the weights being thus taken , 
lid it being observed that aome of these weights 
end to turn the board in one direction about the 
Kjint M, and eome in the opposite direction, it will be 
bund that the sum of the moments of all those which 
bus tend to turn it one way, equals the sum of the 
nofnents of all those wli ich tend to turn it the other. 
This principle h called, that of the Equality of 
Foments ; it may be deduced from the principle 
}£ the parallelogram of forces ; and, like it, it is 
lerfectly general, applied to any number of pressures 
n the same plane, and to pressures of any kind. 
The units of weights and ujeasurement have been 
aken to be pomidt and inches^ — they may be any 
jtber units whatever. 

■ ISO* The Polygon of Pressures. 

Tf in the last experiment any point, o, be taken on 

the boardj and if from that point there be drawn a 

Ibe, a, parallel to the string P j?,and as many inches 

I J 
iti length as there are pounds in the 'weight attached 

to that string ; if moreover, from the extremity a of 

tlm line, a second, a 5, be drawn parallel to the string 

Pp) and as many inches long as there are poundf^ 

^n tlie weight attached to that string ; and if from h, 
^tlurd line be simitarly drawn, parallel to P/r, and go 

^^ until a line is drawn parallel to the last string, 
J^en will it be found that the line parallel to this 

attached to t] 
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last string will pass through the point o, from which 
the first line was drawn, so as to complete a geome- 
trical figure, called a polygon. Moreover, this last 
line^ c o, so terminating in o, will be found to contain 
exactly as many inches as there are units (i. e. pounds 
or ounces) in the last weight. This remarkable 
principle, called that of the Polygon op Pressures, 
and that, last described, of the Equality of Mo- 
ments, are necessary to the equilibrium of any 
number of pressures acting in the same plane ; and 
constitute all that is necessary to that equilibrium. 

131. The Lever. 

A lever is a rigid bar, moveable about a certain 
fixed point, called its fulcrum, and * acted upon by 
the resistance of that point and by two other forces 
applied to other points in it ; one of which it is the 
use of the lever to overcome by the action of the 
other. A lever, then, if we put its own weight out 
of the consideration, is a body acted upon by three 
forces in the same plane — which three forces, when 
it is on the point of moving^ are in equilibrium ; the 
principle of the equality of moments must then ob- 
tain in respect to them. Take, then, in every 
one of the cases represented in the accompanying 
figures, the fulcrum C of the lever, for the point 
from which the moments are measured ; the mo- 
ment about this point of the resistance of the ful- 
crum will in each case be nothing, because the 
perpendicular /rom that point, upon the direction of 
the resistance which goes through it, is, of neces- 
sity, nothing : thus, the moment of one of the three 
forces which act upon the lever being in each case 



S6. 




ind the principle of ttie equality of mo- 
ll obtaining, it must obtain in cftch case 
, to the other two forces, 
ometit about C of the one A, called the 
i- power, IS then in ever^ 

■ r ' ' ' ' H HT ^^^ Gqvi^\ to the mo- 
■ ^1 ment of the other W, 

^^^^ /^ called the weight Thu^i 
^^^^V \^ in the case represented 
^^B in the €m of the 

iH^^ accompanying figures, 

B j^^ jfl where the power and 

weight act at opposite 
extremities of the lever, 
and the fulcrum is fte- 

htween them ; and where 
the weight, (which is 72 
Ibs^) acts at a distance 
of one division (repre- 
sent! ug an inch a foot, 
^ a yard J &e.) from C, 
whrLst the power acts at 
a distance of eight such 
divisioim ; it follows, by 
the principle of the 

» equality of moments, 

that, when there is an 
equilibrium, the iirst 
nultiplied by 1, must equal the otlier 
by 8 ; these products bemg the moments of 
:efi. Thus the pressure of the hand P must 
It the number of pounds in it, or equiva- 
being multiplied by 8, shall equal 72 






ISO ILLUSTRATIONS OF MECHANICS. 

multiplied by 1. Now that this may be the case, k 
is evident that P must be a force equivalent to 9 
pounds. In the second figure, the perpendicular 
distance C A, of A, from the fulcrum b 9 divisionsy 
and that of W, 1 division ; A must then be a force 
of such a number of pounds, that this number 
multiplied by 9 shall equal the number of pounds 
in W multiplied by 1 ; or, W being 72 lbs., it mast 
equal 72: that this equality may obtdn, A muflt 
evidently be a force of 8 lbs. 

In the third figure^ the distance of A from the 
fulcrum is 1 division, and that of W is 8 divisions ; 
A must then be such that, multiplied by 1, the pro- 
duct shall equal 72 multiplied by 8 ; an equality to 
make up which, A must equal no less than 576 lbs. 

In the two first figures, the potaer A is nearer to 
the fulcrum than the weight W to be raised by it ; 
and, for this reason^ a power less than the weight 
yet has an equal momentum, and makes up the 
equilibrium. 

In the third figure, the power is nearer to the 
fulcrum than the weight; to have a momentum 
equal to that of the weight, it must, therefore, be 
greater in amount than it. 

In the two first cases, the power is said to act by 
the intervention of the lever, at a mechanical ad- 
vantage; in the last case, at a mechanical disad- 
vantage. 

Levers, such as those represented in the first 
figure, in which the weight is on the opposite side 
of the fulcrum from the power, are said to be of 
the -first class. 

Levers, similar to those in the second figure, in 
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ih the weight is between the fulcrum and the 

er, are of the second class. 

overs, like those in the third figure, where the 

er is applied between the weight and the 

rum, are of the third class. 

he relation above described manifestly obtains 

ther the lever be straight, as shown in the 

re, or of any crooked form whatever. 

f the first class of levers are the hand-spike, the 

p handle, the hammer when used to prise up 

dl, scissors, shears, nippers, a common poker 

a used to raise the coals, &c. &c. 

f the second class^ which support the weight 

reen the fulcrum and the power, are the crow- 

the wheel-barrow, nut-crackers^ &c. 

the third class belong the treddle of a lathe, a 

of tongs, shears such as those used for shear- 




}heep, &c. The limbs of locomotion and pre- 
ion of all animals, are, moreover, levers of this 
> : the power applied to them is by means of 
ons whose direction is hear the joints which is 
K 2 
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the fulcrum of each ; and the weif^t raised at i 
distance from it^ whether it be only the weight of 
the limb, or something in addition to that we^t, 
which it moves. Thus, applied near the folcmm of 
the limb, the muscular force required is enoniioiisl]f 
great 

132. Could Archimedes have lifted tbs 
World with a Lever if he had had a 
Fulcrum to rest it upon? 

In reality Archimedes would have had no d^ffitiJlt§ 
in moving the world could he have brought his 
lever to hear upon it. It rests upon nothtng^ is stif 
pended by nothing, rubs against nothing^ and floats 
in space without being buoyed up. It is perffefifly 
free to move in any direction ; no force would op* 
pose itself to any attempt which Archimedes might 
make to move it either upwards oir downwards; 
the only forces which act upon it — its centri- 
fugal force and that which attracts it to the sun ^ 
being exactly balanced, and, as it were, neutralised. 
So that, in point of fact, to move the earth, the me- 
chanical advantage of a lever is a superfluous thing; 
it would yield to any, the slightest force, impressed 
upon it, and Archimedes had only to stamp hisfiot 
and the thing was done. These were not, however, 
the ideas entertained by Archimedes on the subject. 
His conception of the matter evidently was, that the 
huge mass of the earth rested upon some other mass 
based in the infinities of space, towards which other 
mass it gravitated as does a stone or a rock to the 
mass of the earth; and the question which presented 
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i^lf to lufl mind was, what, on this supposition, would 
supply a sufficient force to Ufl up and overthrow it. 
This sufficieDt force he found in bis lever, hb own 
arm moving it, *^ Give me/^ said he, "a place 
where 1 may stand, and I will move the world,"* 
The principle on which It is conclusion was founded 
was undeniable ; the calculation was perfectly cor- 
rect; but one element was probably omitted from it, 
it was the thne requisite to give so huge a mass any 
appreciabk motion by mean a of a lever ^ whicb 
should move it with eo small a force as that which 
the arm of Archimedes could iupplyp 

Taking the diameter of the earth at 7,9fJ0 miles, 
the number of cubic feet in it may be calculated to 
he S8,4.3+,476|263,S28, 705,280,000 ; and assuming 
e^jch cubic foot to weigh SOQ pounds, which has 
been assumed as a probable amount t, we shall 
have for the weight of the earth, in pounds^ the 
number 1 1,5 30, S42, 879,1 4^8, 61 1,584,000,000. Now, 
supposing Archimedes to act at the end of his lever 
with a force of SO pounds, one arm of it must be 
384,344,762,638,^87,052,800,000 times longer than 
the other, that he may move this mass with it. And, 
one arm of the lever being this number of time^ 
longer than the other^ wEien it was made to turn 
round its fulcrum, the end of that longer arm must 
move exactly thb number of times fasterj or farther, 
than the end of the other; so that^ whilst the end of the 
£ihorterarm was moving one inch, the end of the longer 
^rm must move S84j344,762,638,287i052j800,000 

* A«C jjUOl ITdV O'TiU TLaI TtV UrU^fJiJf X^VJIO'AI, 
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inches ; and conversely, when Archimedes had made 
the end of the lever to which he' applied his am • 
move this immense number of inches, he would only 
have prised up the earthy to which the other end 
was applied, one inch. 

Now, a man pulling with a force of 80 pounds, 
and moving the object which he pulls at the rate of 
10,000 feet an hour, can work continually for 
from eight to ten hours a day, and this is all 
that he can accomplish. Each day, then, Archi- 
medes could, at the utmost, move his end of his 
lever 100,000 feet, or 1,200,000 inches; and hence 
it may thus readily be calculated, that to move it 
384,344,762,638,287,052,800,000 inches, or to move 
the other end — that is, the earth — one inch, would 
require .the continual labour of Archimedes for 
8,774,994,580,737 centuries. 

133. Two Persons carry a Burden between 

THEM BY means OF A LeVER OR PoLE, TO PIKD 

HOW MUCH. OF THE Weight is. borne by each. 

Three 'forces are in equilibrium on such a pole: 
the burden borne, and the two forces which bear it 
Therefore, by the principle of the equality of mo- 
ments, if we take any point in it, and take the mo- . 
ments of these forces, severally, about that point, 
the sum of the moments of those which tend to turn 
it one way about it, must equal the sum of those 
which tend to turn it the other. Take either extre- 
mity for the point. The moment of the force at 
that extremity will then be nothing, since the per- 
pendicular upon it will be nothing. The moments 
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of the two other forces must therefore be equal. 
Thus, if C be the burden, aod A the force ivith 
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which the pole is supported at the extremity A, 
then A multiplied by AB must equal C multiplied 
by CB; and the value of A being found so as to 
make up this equality, will be the true force ex- 
erted at A. In the same manner the force at B 
may be found. 

134. Method of combining the Efforts of a 
GREAT Number of Men to carry a Burden. 

The following method Js said* to have been used 
in Constantinople for raising and carrying the 
heaviest burdens, such as cannons, mortars, and 
enormous stones ; and the rapidity with which they 
were thus transported from one place to another is 
stated to have been truly surprising. 

A B is a bar of sufficient strength to sustain the 
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whole weight of the load P, which is attached to its 
middle point ; C D and £ F are cross bars fixed to 
this, near its extremities ; and to the extremities of 

* Hutton*s <' Mathematical Recieations,'* toL ii. p- 8. 
K 4 
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these cross bars are affixed others, ab, ed, ef, ffh 
to these last again, in like manner, others, whose 
extremities are borne upon the shoulders of tfae 
men who are to carry the load. Supposing one 
man's shoulder to support each extremity of these 
last mentioned bars, the whole number, whose effort 
will be combined to lift and carry the weight, will 
be 16. If other cross bars had been fixed in like 
manner to the extremities of these, the united 
effort of 32 men might have been implied. If otber 
cross bars had been fixed yet again to the extre- 
mities of these^ 64 men might have united their 
strength to the task; and so on for any number. 
If the bar A B, which supports the weight, carry it 
suspended accurately from its middle point; and if 
the point where each cross bar is fixed to the one 
preceding it in the series be exactly half way be- 
tween the points where the two whieh follow it are 
affixed to it — then the weight will be egualhf dis-* 
tributed between all the bearers. A small deviation, 
from this rule will produce great inequality in tb® 
distribution, and it would be easy to adapt tb>^ 
distribution^ according to the principles explaine<) 
in the last article, so that each should have any 
given share of the load. The inconvenience of th^ 
method is the increase of the load by the wei^ts o^ 
the additional cross pieces. 

135. The Wheel and Axlb. 

If we imagine a wheel moveable about a fixed 
axis O, and having cut in it two circular grooves 
A and B, whose centres are in 0, and if we oon^ 



THI WHEEL AND AXLE. 



m 






igi, A W and B P, to be wound round 
VPS, carrying at their extremities, P and W, 
hicli just baianee one another, then shaU 
I sptem of three forces acting in the 
I and in equiUbriumj ami therefore subject 

Khe equality of moments. 
Thm% three forces are the 
imiffhts P and W acting in 
the directions B P and A W, 
and the resisianee of the fixed 

P«^" axis O. Now Jet us take O 
for the point from which we 
measure the pionienbs; the 
moment of one of the three 
r^ forces — the resistance of the 
k axis ^ will then vanish i for 

the perpendicular from O 
upon this resistance, which 
acts through O, is manifestly 
id therefore the product of the resistance 
rpendicnlar is nothing- The only mo- 
ih remain are those of P and W, These, 
by the principle of the equality of too* 
eqtmL 

1 perpendicular from O^ upon the di- 
W^ is O A, and that upon the direction 
B. The number of lbs* or cwts, in W 
by the number of inches in O A^ being 
, ia then equal to the number of lbs. or 
multiplied by the number of inches in 
; iU moment; and this is tlie relation 
t exist between P and W, so that they 
fequilibriura. If, for instanccj O A were 
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3 inches, and O B 1 1 inches, and if W were 132 lbs., 
then would the moment of W be 3 times 132 or 
396 ; and that P must be such .that, being at 11 
inches dbtance, it may have the same moment, 
396, that W has. P'must therefore be 36 lbs., be- 
cause 1 1 times 36 is 396. 

By diminishing the distance O A at which the 
weight W is applied, in comparison with the distance 
O B at which the power P is applied, we may by 
this contrivance balance ever so great a weight by 
ever so small a power. 

In the actual use of the wheel and axle, it is 
customary not to apply the weight to be raise4 in 
the plane of the same circle to which the power ifl 
applied, but to widen the circular groove A into a 
cylinder of considerable length, as shown by the 
dotted lines in the figure, and to cause the string 
which carries W to wind round this cylinder. It 
is evident that, applied any where to the circum- 
ference of this cylinder, which is supposed to be 
solid and rigid, it will produce exactly the same 
effect as though it were applied at A, and will have 
the same relation to the power P as though it were 
applied there. 

Moreover, it is customary in the use of this in- 
strument, not to apply the power P as shown in 
the figure, by means of a circle and a cord winding 
round it. 

The power is usually the effort of a workman, 
and is applied by means of an arm fixed to the 
cylinder, and carrying at its extremity a handle. 
The instrument then becomes the windlass. The 
power applied to it in this case by the workman is 
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not the iame throughout each revolution. The 
dtrtetion in which he pulls or pushes the handle 
mriis continually, and the perpendicular upon this 
direction from O varies therefore continually ; so 
that, uolegs the force which he exerts continually 
vary in amount^ its moment cannot remain the same^ 
so as to equal to or a little exceed the moment of 
the weight which does always remain the same^ 
Of this necessary variation of his effort dependent 
upon the direction in which it is made, the workman 
is perfectly conscious. 

If the cylinder is placed vertically, instead of 
hopizoQtally, and the force is applied by means of a 
invmber of bars fixed horizontally, like radiij in its 
upper extremity, which are pushed forwards by the 
worbmenj the instrument becomes the capstain^ 
^hoae principal use is to elevate the heavy anchors 
Mihip.board,* 



^36< Modification of thb Wheel and Axle^ 
8y which aky weight can be raised by a 
©fVEN Power. 

A limit ifl in practice fixed to the weight which a 
^ren power wiU raise on the common wheel and 
^e by the insufficiency of the cylinder, when its 
fadiua O A is diminished beyond a certain limit to 
bear the weight suspended from it. It is in di- 
tninishing this radius O A of the cylinder, or in- 
sing the distance O B at which the power is 



• See " Mfobamca applied to Arts," page 84. 
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applied, that we in miMC tke wd^ wUdi a given 
power will raise; and both tkeatt BMChodi of in- 
creaang it become, beyond a eeitaui limits iaquie- 
ticaUe. There ia another foim of tbe wbed and 

axle, of i 




genoitj, whieh 
pkcdy ranovoB tiM dtf* 
eohj. Inttcad of «m 
eyliiider,«mofdilferart 
djametftffa, as ahowa hj 
the dotted lines on the 
figure, are fixed tege- 
ther,aiHimoTealile«poB 
the same axle. Tbe 
two ends of the oord 
which support the 
weight^are woondin op* 
posite directions rooed 
these cylinders»andthi> 
cord passes round * 



moyeable poUey which carries the weight suspended 
from it. It is evident that, thus applied to the tj' 
Under, the equal tensions of the two strings wfai^l^ 
support the weight will produce the same effect ^ 
though they were applied in the same plane as th^ 
power at B and C. Suppose them to be ajqiheC^ 
there ; this plane will then be acted upon by fouf^ 
forces, the power P, at A, the equal tensions of the 
two strings which carry the weight at B aud C, and 
the resistance of the axis at O. Now these are 
forces in equilibrium ; the principle of the equality 
of moments obtains then in respect to them ; and 
taking O for the point from which the moments are 
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tnea^ured, since tbe moment of the resistance of the 
^ yanishefi there, it follows that the moments of 
H and the tension at C, which tend to turn the 
8f stem one way about O, are, together, equal to the 
flioment of the tension at B, which tends to turn it 
the other way* The moment of P then must be 
Ituch that, being added to the moment of C, it shall 
to^e up a sum equal to the moment of B, or, in 
other wordsj the moment of P must equal the dif- 
ference of the moments of B and C ; and the less 
the difference of the moments of B and C, the less 
need P be, to produce this equality and balance the 
sptexn. Now the actual forces at B and C are equal, 
ftr the strings B D and C D support the weight 
^^^^^ily; tbe dirterence of their moments depends 
then entirely upon the diflference of their disfantes 
OB and C from Oj or upon tbe difference of tbe 
'^ii of tbe circles to which they are applied^ or 
upon the difference of the diameters of the two cy- 
lifldeTB; the less tbe difference of these diameters, 
the less the power required to maintain the weight 
in ecjuilibriumj and to move it Thus, by making 
the tvo cylinders more nearly of tho same diameterj 
we can diminish the power necessary to raise any 
given weight, or increase the weight which any 
pven power will raise, without limit. 
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137. When any Number of Pressures acting 
ON A Body, in the same Plane, are not in 
Equilibrium, to apply to it another which 

SHALL produce AN EQUILIBRIUM. 

If we know all the pressures in a system of pres- 
sures in equilibrium, excepting owe, we can, from 
the principles of the equality of moments and the 
polygon of pressures (see articles 129. and ISO*)* 
determine what that one must be ; for that on^ 
must be applied at such a distance^ and of such 
a magnitude, as to make up the deficiency ^^ 
the equality of moments^ and in such a direction 
that it may complete the polygon of pressure^' 
Thus, then, to find a pressure which will cause aD^ 
number of other pressures to be in equilibrium, Y^ 
have only to take any point, and Mcwce estimate 
the moments of all the other forces, and find hoi^ 
much is necessary to make up the equality of theuT 
sums, as explained in article 129. We shall thus 
know what must be the moment of the required 
force. Drawing then the polygon of pressures, as 
was also described, this polygon will be con^lete, 
all but one side, and we shall know the magnitude 
and direction of that side. The number of inches 
in its magnitude will tell us the number of pounds 
in the required force. Also, we before have found 
its moment, and we now know its amount; we can, 
therefore, tell what must be its perpendicular 
distance from the point we have assumed. More- 
over, its direction is parallel to the last side of the 
polygon. These two facts guide us to the exact 
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pos^tioti where it muat be applied, so that thus it k 
fuUy detertoined- 



|138.. The Resultaht of any Number of 
Pressures. 

^ he resultant of any number of forces acting 
^poti a body is that force which would singly pro- 
ttuce tile same effect^ aa to the equilibrium or motion 
w th« body, that they do conjointly. Now let us 
imag^jjig any number of forces to be in equilibrium, 
^i of these let us take aU except one particular 
"Jrc^j and let us consider what is their resultant. 
*^ Is that force whicb would produce the same 
#ece singly that they do conjointly. But what 
^^ct do they produce ? They just balance thfe one 
Temaining force : this is their effect* Any force, 
"i^fefore, which would balance the one remaining 
force would produce the same effect that they do* 
^^t a force exactly opposite to that one remaiuing 
'orce, and equal to it, would balance it That force 
^_js then the resultant we want* 

^B ^nd to find the resultant of any number of forces^ 1 
^^^ Hiufit first find a single force which will produce 
! ^ equilibriam with them. Having found this^ we 
*^nov^ the resultant; for it is equal and opposite to 
this force. 

Thus J for instance, if two forces act upon a point 
^^ directions inclined to one another, and we wish 
^ ^nd their resultant^ we must, in the first place, 
_^<i the third force which will produce an equi- 
^^^ir-ium with the^e two. This we may do at one© , 



144 ILLUSTRATIONS OV MECHANICS* 

by the parallelogram of forces. The third force 
in question is the diagonal of that parallelogram. 
The resultant required is equal and opposite to that 
third force. And so, in every other case, to find the 
resultant force of any number of forces, we must 
examine what these want of the conditions which 
make up an equilibrium, and then find a force which 
would just make up these conditions. A force equal 
and opposite to this will be the resultant. 

139. The Composition and Resolution ot 
Pressures. 

The forces of which any other i» the resultant 
are called the components of that resultant. Since 
the resultant force produces the same effect ringhf 
that all its components do co^fointfyy we shall not 
at all afiect the conditions of the equilibrium of a 
body acted on by any forces, if we conceive cer- 
tain of its forces to be taken away, and their n(- 
stiltant put in their place: if it was in equilibriam 
before, it will be in equilibrium now, and under pre- 
cisely the same circumstances. 

This putting of a single resultant in the place of 
any number of component forces is called cm' 
pounding them. The process is that of the compo- 
sition OF FORCES. Conversely, we may find a num- 
ber or group of forces which shall be such as, if we 
found their resultant, would have for it a particular 
given force. These forces would then, conjointliy, 
produce the same efiect which that does singly. 
This group of forces might then be substituted for 
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that ONE without affecting the conditioni of the 
equilibrlunru 

The process of thus aubsdtuttng an equivalent 
$€t of forces for ft migie one, 13 called that of the 
RESOLUTION OP FORCES ; the Single force being 

gto be resolved into the others, 
140, The Centre of Gravity- 
f alt forces, that whose operalion we are 
i conversant with is gravity; it operates, 
under various modifications, in every thing around 
us, aod in every part of that thing* Every 
material substance is thus acted upon by as many 
separate pressures of gravity as we may imagiiie it 
divided into parts. We can lay hold of nothing 
which is not a body acted upon by a syslem of 
gravitating forces infinite in number. Of these^ 
this iu tlie characteristic property, that their direc- 
tiona all tend accurately to ons point — ^the centre 
of the earth ^ — which is so distant that, although 
tbey thus in reality meet when continually pro- 
duced, yet are they, as to all practical coniider- 
ationsi paralMj by reason of the great distance 
(nearly 4000 miles) of the point in which they meet. 
These forces of gravity, thus infinite in number, 
acting upon the different points of any body which 
ve take up, have always a resultant^ that is, a 
i Biftgie force may always be found acting in a 
certain direction^ which shall singly produce the 
awae effect that they do conjointly. TLis force is 
equal and opposite to the single force which would 
produce an equilibrium in the body on which they 
lat is, which would support it. 
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As we turn a body aboat, the direction tkrauffk 
it of the forces of gravity which act upon it will be 
continually changed ; at one time they will trayene 
it lengthwise^ at another they will traverse it aenm, 
at another diagonally: in short, every new position 
will cause them to traverse it in a new direction; 
and by turning it completely rounds we shall 
cause them to traverse it in an infinity of different 
directions. In each position the^ will have a rt- 
sukant. Thus they will have an infinity of different 
resultants; and their resultants will traverse the 
body, as it is turned round, in an infinity of differeit 
directions. 

Now there is this remarkable relation (easOj 
determined by geometry) between the directioDf of 
these different resultants through the body, tbat 
they all pass through the same point in it : tbit 
point is called the centre op gravity. This !»» 
I say, a remarkable relation ; it might have been 
otherwise. Under other laws of force, and other ton^ 
ditions of equilibrium, dependent upon these, the 
properties of that pcnnt would have had no ex- 
istence. 

It is difficult — nay, it is impossible — to concd^^ 
the amount of change, the confusion of all the gr^^ 
elements of nature, which this one simple circuit*' 
stance would have been sufficient to introduce. 

Take away this one property of matter, whic^ 
determines in every mass a single point throng*^ 
which the resultant of the gravitations of its parttf^ 
in all its proportions, passes^ and the fabric of th^ 
universe would reel from its very foundations ; thcr 
order and uniformity of the vast machine would 
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tsats; the cycles which bring back ita mighty mo- 
tions in their appointed seagoDs would be broken; 
aodi to bear its part in the universal wreck, each 
^^rigEaised and existing thing on the earth's surface 
''^uuld have the stability of the form under which 
it exists converted into one of the greatest con- 
ceivable instability* An upright position of the 
^Qmau body woiild be impossible ; no vehicle could 
^ove without being overthrown; and four-footed 
anunalsj when they sought to walk, would but 
totter on, from one fall to another. 

The centre of gravity of a body is then that 
p^mz through which the resultant of the gravities 
of Its parts passes, in every positioii in which we 
^^n the hcdy. This resultant, producing the same 
etfeot as do the gravities of the partSj evidently acta 
^ ^ vertical direction ; for the efieet of the gra- 
vities of the parts is in a vertical direction. The 
^^lil tant is evidently equal in amount to the weight 
of t;lae body ; for, by the definition of a resultant, 
it is equal to the single force which would support 
tlie body. Thus, then, we aliallj in reality, conceive 
^tia resultant to act alone, through the centre of 
gra-irityj and in its proper vertical direction, if we 
e^jito^tJfi all the gravity or weight to be extracted^ 
^y ss-cime chemical process, from the different parts 
of tlte body among which it is diffused, and colkcted 
^cl comh/tsed into this one dngle point — its centre 
^fyf^avkyi s-^id were it possible to make this change^ 
bII the conditions of the equilibrium of the body, so 
far aa they are affected by its weight, would reinajn 
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141. To DETERMINE THE CbNTRE OF GrAVITT 

OF A Body by Experiment. 

It is evidently through its centre of gravity that 
any force which is intended to support a body must 
be made to pass ; and, conversely, any sv^lpjckiA 
single force which is made to act through the centre 
of gravity vertically, or in a direction opposite to 
the weight of the body, would support it To be 
sufficient^ this single force must, as has before been 
shown^ equal the weight of the body. Thus, if the 
centre of gravity of a body of any shape, however 
irregular, were found; and if the resistance of the 
finest point that can he conceived, — that of a needle, 
for instance, — were applied, so that its direction 
should be vertical and accurately through the centre 
of gravity of the body, — it would support it 

It would perhaps be impossible prctctically thu* 
to cause the resistance of a point accurately to pas* 
through a body's centre of gravity. If, howeven * 
body be suspended by a single point from a string'' 
it will of itself fall into such a position, that tb^ 
direction of the tension of the string on that poiti* 
shall be through the centre of gravity ; and having 
assumed that position, it will be supported. This^ 
in fact, furnishes us with a very easy practical way or 
detennining the position of a body's centre of gra- 
vity. We have only to suspend it by a string from 
any point in its surface, and, waiting until it rests, to- 
mark, by some means, what would be the direction 
of the line of the string, through the body, if it 
were produced ; then, hanging it from some other 
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poiiit iQ the body's gurfae6» to observe in like 
inaDner tbe Hue of the striDg's direction through 
the body, when suspended from that point. Both 
these lines pass (by what has before been said) 
through tiie centre of gravity. But the only point 
LtluPougL ivhich they both pass is that in which they 
iwaiBect. Their intersection ia therefore the body's 
itafe of gravity. 



H2p The Attitudes of ANiMAis. 

When a body alters its form it changes, at the same 
lliDie, the position of its centre of gravity. The 
Ficcomfjanyiiig diagram preaeota an iUustration of 
t*^ fact in the attitudes of a bird. The line drawn 




trockx R directs the eye to the position of the centre 
^^ ^Tavity when the bird i& standing, being then 
imi^i^^^j^lgly above his foot- When he swtm^, the 
"^^^ alteration in his position is the elevation of 
^^ l<^s> ^ceomp^ied by a correapondm^:. eV(i^ia.\^QT\ 
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of his centre of gravity^ whose position is now 
shown by the line from N. When he ttalksy his 
head is thrown a little forwards, and his legs 
are alternately raised, but not so much as in 
swimming : a more forward and a somewhat lower 
position must therefore be assigned to lus centre of 
gravity, pointed to by the line from M. When be 
/lies, his neck is thrown forwards and depressed ; 
his centre of gravity therefore advances and sinks, 
as shown by the line from V, 

No heavy body can evidently be supported upon 
a surface on which it is placed, unless the vertical 
resistance of some point with which it is in contact 
passes through its centre of gravity. 

143. The best Position of the Feet in 
standing. 

The human body has a different position of its 
centre of gravity, corresppnding to each different 
attitude. All are, however, subject to this conditioD* 
that the centre of gravity shall remain vertically ot^ 
some point or another in the base of the feet* Th^ 
base of the feet, or pedestal of the body, has for i^ 
boundaries, to the right and left, the outer edges o' 
the soles of the feet ; and before and behind, lin^^ 
joining the toes and the heels. In the accompany"^ 
ing diagram it is represented by the trapeziuttf 
A B C D. The attitudes of the body may evidently^ 
be varied^ so as not to destroy the equilibrium, with 

* For a variety of illustrations of this subject, the reader it 
referred to the author's treatise on « Mechanics applied to Ibt 
Arts," p. 33, &e. 
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Bie greatest facility and with the fewest precautiaiiB, 
when this base of the feet is the largest, Thus the 
securest positiou of the feet in standing is that which 
causes the pedestal to cover the greatest surface^ or 
the figure A B C Dj as shown in the diagram to have 
the greatest area. Supposing the 
heels to be placed in a given posi- 
tion, and the feet turned round 
upon tiieiHj this greatest area will 
be found not in a parallel po:sitioii 
of the feet, but in an inclined 
position, like that shown in the 
figure, 
bus we see a sufhcient reason for the military 
' custom of causing soldiers on drill to stand with 
theLc toes turned outi- 

If the outside points A and B of the heels could 
be brought accurately to coincide with one another^ 
then J when the heels thus touched, it is found (by 
a mathematical discussion of the subject) that thb3 
gt^test base would be obtained when the feet were 
turned each half-wa^ round, or when the}^ made with 
*ne another a right angle- As these points can never, 
iwwever, coincide^ but must always be distant by at 
least double the width of the heel, it is certain that 
the feet never should be turned apart so far as a 
right angle^ 

If the distance A B of the outer edges of the 
b^U exactly equals tbe length A D of the foot, the 
ifldlaation of the feet to one another should equal 
rixtj degrees- Or, imagining the lines D A and C B 
tf be produced so as to meet in £, their incUnation 
L 4 
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should be such as to make the triangle C E D si 
equilateral triangle. 

144. The Shepherds of the Landes. 

The vast plains of the Landes, in the south-west 
of France, are covered with a loose sandy soil, and 
overgrown with thick furze ; moreover, during some 
months of the year, they are in manyplaces^/^txx^e^ 
This wild region, nevertheless, yields pasture to sheep. 
To traverse it in search of their flocks, the shepherds 
have, from time immemorial, adopted the singular 
custom of mounting {hemselves on high stiUs, They 
are said on these to travel over the loose sand as 
through the water, with steps of eight or ten feet in 
length, and with the speed at which a horse trots. 
This is a remarkable instance of the power whieH 
the body possesses of varying its attitude so as to 
fix the position of its centre of gravity over the base 
which supports it, even when that base is, as here, 
of greatly less dimensions than the natural base of 
the foot, and the body elevated upon it greatly above 
its natural position. 

145. To Cause a Cylinder to roll, bt its 
Weight, a short Distance up an Inclinbi 
Plane. 

If the yertical from the centre of gravity of s 
body do not pass through the base on which it rests, 
but have a direction on either side, then the bod} 
will turn over towards that side. The accompany* 
ing figure is intended to represent a cylinder placed 
upon an inclined plane. If this cylinder were not 



wheeler's clock 158 

loaded on one side, its centre of gravity would be in 

its axis A ; and the vertical A L, from its centre of 

Jig.S5. 




graTity, would evidently fall below the point B» 
where it rests upon the plane ; so that^ when left to 
itself, it would roll downwards* But by loading it 
near its surface at F (by pouring lead in a groove 
parallel to its axis), the position of its centre of 
. gravity G may be moved, so that the vertical G K 
from it shall not be below, but cdfove the point of 
rapport B. It will then roll for a short time up the 
inclined plane instead of down it, until, by the 
descent of F, the line G K is made to pass through 
the point of contact B of the cylinder with the 
plane. It will then rest. 

• 146. Wheeler's Clock. 

An ingenious person of the name of Wheeler, 
>ome yeHurs ago, conceived the idea of constructing 
a dock to be contained in a cylinder ; the prin- 
ciple of whose motion should be, the tendency of 
the eylinder, when placed upon an inclined plane, to 
roll down it. 

Let the cylinder represented in the last article 
be imagined to be hollow ; and the weight F 
moveable in it round the axis A, by means of an 
arm A G F^ to the extremity of which it is fixed: 
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imagine that with this arm is connected a train 
of wheels similar to those of a watch, termiiuitp 
ing in a scapement and balance-wheel^ and giviog 
motion to a hand moveable on the end of the 
axis, and showing hours on the extremity of the 
cylinder, which has its circumference divided 
like the face of a clock. The arm A G F being 
tumedy motion is given to all this train of wheels, 
which motion is checked and regulated by the 
balance-wheel. But how is the arm to be turned? 
Thus : conceive the cylinder to be placed upon an 
inclined plane ; it will seek for itself the position in 
which the vertical G K, from its centre of gravity, 
passes through 6 ; in this position F will not coin- 
cide with 6, being balanced about that point bj the 
weight of the cylinder itself, and its wheels, which 
are so contrived that their common centre of gra- 
vity shall be in the axis A : the position of the equi- 
librium of the cylinder is then in an inclined posi- 
tion of the arm A F. Now, the axis being supporUdy 
and the arm A F inclined^ it is evident that the 
weight F at its extremity tends to turn the ann 
about A ; and being unopposed, except bj the 
friction of the train of wheels connected with % 
may readily have its size so adjusted that it «AaA 
under these circumstances, turn the amiy and gi^® 
motion to the wheels : but as the arm thus turns, 
the weight F descends, and the vertical G K, whic^ 
before passed through the point of support B, no^ 
falls hehw it : the cylinder will now, therefore , ro** 
dawn the plane. Now, as it rolls down the plancy ** 
elevates the weight F again, so as to place the arm A'^ 
in the same inclined position as before, and give it tl^^ 
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le leverage precisely, to turn the wheels : thus the 
cent is continued, and the same power is con- 
lally supplied to give motion to the works of 
clock, whilst the scapement and balance-wheel 
e a yet further uniformity to the motion which, 

proper adjustments being made, may be re- 
ated to keep any required time. The motion of 

clock will only be stopped when it has rolled 
apletely down the plane : that it ifiay be begun 
in, the cylinder must be placed again at the top 
the plane. 

If7. To CAUSE A Body, by its own Gravity, 

TO ROLL CONTINUALLY UPWARDS. 

Let a double cone^ such as that shown in the 
ire, be made of wood ; and let there be formed 

Jig,S6. 




inclined planes of boards of wood •, which, 
ieting at their bases, afterwards diverge from one 
other at an angle, as shown in the figure. If 
e double cone be placed between these planes, 
as to rest equally upon each of them at the bot- 
m, it will immediately put itself in motion and 
Qi^ them. 

This apparent paradox is easily explained. The 
intre of gravity of the double cone is in the 
iddle of the line joining its two extremities. Now, 
hen it is placed between the two inclined planes, 

• Pieces of string wUl answer the purpose. 
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the points on which it rests are, of necessity, netrer 
to the lowest point of the planes than this line h : 
the vertical from the centre of gravity is» therefore, 
on that side of the points of support which is to- 
wards the highest points of the inclined planes ; it 
is in that direction, therefore, that the body has a 
tendency to roll. It does not, however, in reality 
ascend, although it appears to do so : the points cm 
which it is supported, continually approach its ex- 
tremities ; so that, although by reason of the inclina- 
tion of the planes, the points of support (ucendf jei, 
for the above-mentioned reason, the thicker part of 
the mass between them, descends; and it is necessary 
to the success of the experiment, that, for this last 
reason, the centre of gravity of the mass should de- 
scend more than for the other it ascends. That this 
may be the case, the inclination of each plane must 
be such, that a distance equal to the length of the 
double cone being measured along it, its corre- 
sponding height shall be somewhat less than half 
the diameter of the double cone in the middle. 

* 148. Stable and unstable Equilibrium. 

When a body, being slightly moved out of any 
position in which it rests upon another body, tends 
to return to it; and being left to itself, will roU 
back of its own accord into it — that position is said 
to be one of stable equilibrium : when the 
body will not thus return to its previous position, 
that position is said to be one of unstable equi- 
librium. 

Since the whole of the weight of a body may 
be conceived to be collected in its centre of gravity, 
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affecting the condition a of its eqiiilibnum, 
ident tliat if it be supported by the resistance 
ngle point,, that i ingle point muat be either 
lately above, or immediately beneath, or 
jr Wj its centre of gravity ; and if it be sup- 
i. not upon a point, but upon an extended 
s or base, or beneath such a surface, then 
be centre of gravity be either directly above 
oint in that base or surface, or directly beneath 
uch poiut* Jf tlie position of a body, which 
I0t6, be 80 ehangedy that its point, or suriace of 
t, shall no longer lie vertically above, or ver- 
beneatb, %U centre of gravity — then, noverti- 
ppovting force acting upwards^ through its 
of gravity, and the whole weight or gravity 
diywnwards through it (or, rather, acting a« 
\ it so acted), it is manifest that the centra 
rity will have a tendency to de^cend^ and that, 
body be left to itself, its centre of gravity 
Iscend. It is possible that, moving a body 
ts position of equilibrium, we maj", at the 
biie, 50 alter the position of its point of sup^ 
hat it 5; hall still remain directly beneath^ or 

its centre of gravity. Thus, if a sphere 
Mm a horizontal planej and we roll it out of 
^tion in which it rests into some other, wfi 
D the act of rolUng it, >so alter the position of 
rt of support, that it shall still be beneath its 
of gravity ■ for the centre of grarity is in 
1^ of the sphere ; and the perpendicular to a 
I on which a sphere rests, drawn from the 
Ifhere it rests upon it, necessarily goes through 
msj into w hatcver position we roll a 
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Sphere on a horizootal plane, the vertical, from the 
point on which it rests, passes through its centre of 
gravity ; and the centre of gravity is verticallj 
above the point of support. When a body, being 
moved more or less from its position of equilibrium^ 
will rest in any of the positions in which it if 
placed^ and is indifferent to any particular positiooy 
its equilibrium is said to be one of indifferbnck 

I'his state of indifferent equilibrium is, howevef} 
oni! of cixccedingly rare occurrence, even in respect 
to uliffht deflections of a body from its position of 
rrNt ; and no other body besides a sphere, or a 
body n*Hting on a spherical surface, and having its 
ornt.ro of gravity at the centre of that spherical 
surfiicts can thus be indifferent to all the positions 
in which it may be placed. Every solid body, with 
lIuM'xooption above stated, tends to rc^wrw to the 
position of equilibrium out of which it has been 
n\t»voil, or to revetie from it; and if left to itself, it 
mii Hpoutunooiisly either return to that positioD> 
or v\A\ (art her from it. 

Tho orutrt^ of gravity being moved from under, or 
\\\m\ over, ijs* point of support, and being unsup- 
piM'ttnl. \^( ueoessity tkstends* The question then» 
\^ hoi her rt IkhIv's jH^lion of equilibrium be stable 
ov un«uMe depends u|H>n this other; will the d!^ 
ii\XHi t»/' tfs iYHtrt of 5rnrri(y, when the body is thu^ 
W\\ {\^ iixoU'. bring it into its former position, or d^ 
fU^^t \i Ortvther tVvnu it: In the first case the equiU' 
huum u ^v vm K. iitui iu che other, uxstablb. 

Nv»\>. \f «he i*^«ttx* of cravuy of the body b^ 
tJ%*^^.u6 u\ «he Ao« ef vleditvtiu^ il from its positio^ 
vvt %»s^uvUtu^uu^ u i$ evid<ea( tlxit it must be d^^ 
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pressed to be returned to it ; and, conversely, that 
depressing itself, h will return to it. In this case, 
then, the position out of which it was di±^turbed 
^as stable* But \i\ in the act of deflecting it from 
iti position of equilibriuiUj the centre of gravity of 
be body be depresjicdi then, to return of its own 
ccord, the centre of gravity (where all the weight 
£ta dowDwardsj and which is unsupported) must 
^'aU itself. This is impossible. The centre of 
nvity descends ; and the body coutinues. tjherefore, 
tbls ease, to defieot more and more from its 
fefnttr position of equilibrium, which was, there- 
fore, unstable^ Thus, then, when the position in 
which a body rests is such that? being deflected 
I from it, its centre of gravity ascends ^ that position 
Ife oDe of STABLE equilibrium ; when the body 
oeing thus deflected, its centre of gravity descends, 
deposition of equilibrium is unstable. 

' 149, That Position of a Body resting upon 
Another in which its Chntre of Gravity 
's, the lowest possiblej is a position of 
STABLE Equilibrium ; that in which it is 
the highest possible, one of unstable 
Equilibrium. 

fi* the centre of gravity of the body descends 
*^nen you deflect it from its position of re^t, in any 
^''ection, it is evident that.the height of the centre 
^'^ gravity, in that position, it* greater than in any 
7^ tlie positions into which you deflect it; its po- 
^JiiOtiof UNSTABLE EQUILIBRIUM Corresponds, thcii, 
7 What is .aated in the last article, to that position 
^ '^^liich, being placed? its centre of gravity is liighest 
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in respect to the adjacent positions. If, on the con- 
trary, the centre of gravity rises when you deflect 
it from its position of rest in any direction, then is 
it in that position lower than in any of the others. 
A body's position of stable equilibrium corre- 
i^onds, then^ to the lotoesi position of its centre of 
gravity in respect to the adjacent positions of the 
body. 

•150. EyERY'BODY, EXCEPT A SpHE.RE^ HAS AT 
LEAST ONE POSITION OF STABLE, AND ON* 
OF UNSTABLE, EQUILIBRIUM. 

For if a body be made to turn round on the sur- 
face on * which it rests, its centre of gravity will not 
continually ascend or contintmlly descend; there 
must be a certain position of the body^ after it has 
passed which, its centre of gravity, from ascendx^) 
begins to descend; and another in which, from dfi- 
scending, it begins to ascend. The first is a position 
of unstable^ and the last of stable^ equilibrium. 

In a sphercy the centre of gravity (which is the 
centre of the sphere) continues always at the <flW* 
height as you roll it. There is, therefore, no position 
either of stable or unstable equilibrium. Every 
position in a sphere is one of indifferent equilibriuni* 

A body's position of equilibrium may be stabk '^ 
respect to a deflexion in one direction^ and unstable 
in respect to a deflexion in another. It is then said 
to be a position of mixed equilibrium. 
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the adjacent poaitioriB, and, therefore, ihat it» 
position upon it is one of stable equilibrium* 

If, now, the body be turned upon its edge M H 
and be placed in such a position that the vertical 
G H, through the ceotre 0/ 
gravityj shall pass accurately 
through Bome point H in 
that edge — this, too, will be 
a position of equilibnonj^ 
for the centre of gravitj 
will be supported ; but it 
will be a position of mixeb 
equtUbriumj that is^ a position from which the 
body being deflected in certain directions would 
lend to return, and being deflected in others veuld 
notj so as to be in respect to the first directions 
of deflexion stable, and in respect to the otheiB 
uTistahle* For the centre of gravity G being verti- 
cally over the edge M N, it is clear that when the 
body is turned round that edge either way, the 
centre of gravity will be depressed; so that over the 
edge it is in its highest position, and the equilibriLiifi 
is, in respect to deflexions round the edge, mistd^l^' 
But if, instead of being turned round the edge, tbe 
^dy he lifted so as to turn about either of its extreffli' 
'"ties M or N» then its centre of gravity will be raisfiw 
so that^ in respect to those deflexions, it is in its h^' 
est positioOj and the equilibrium is stMe. Thus the 
equilibrium about either edge is, in certain dir^' 
t ions J stabitf and in others^ unstabk; or it isMixE*'* 
By reasoning precisely similar to the above, it *^ 
evident that, if the body can be made to rest 0^ 
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dtlifir of its angles A^ B> Cj D, &c^f so that the 
cejitre of gravity shall be vertically over that angle, 
t2ie position will be one of unstahh eqntlibriuM. 

152, A BoDY*s Position is always oke of 
STABLE Equilibrium, whek its Centre op 
Gravity lies beneath the Poikt on which 

11 IS SUPPORTED- 

Thu^ if the body represented in the last figure^ 
instead of resting on a plane, had been suspended 
from a fixed point by either of its angles, or if it 
^^^sufX been hung upon axis X Y passing through it 
o6«^re its centre of gravity, then it is clear that, de- 
flsoting its position, from that in which it rests with 
'ts centre of gravity vertically beneath tlie point of 
sa^portj the centre of gravity will be raided: the 
p<^&ition in which it rested was, therefore, a sU^h 
l^sitton, 

1S3.^ To CONSTRUCT A FiGURE WHICH, BEING 
^^*I-ACED UPON A CURVED SuRFACE, AND IN- 
^^ LI NED IN ANY POSITION, SHALL, WHEN LEFT 
*^0 ITSELF, RETURN INTO ITS FORMER POSITION- 

"^he accompanying cut represents a figure of any 
^'S"l:it substance, to which are attached, so as to hang 
°^^*:ieath it, two heavy balls. The feet of the figure 
*^^ fixed upon a piece of woodj the lower surface 
^^ ^hich is curved, and this curved surface rests 
^^^^seJy upon a small table which ia supported by a 
be ever so far inclined in any 
u 2 
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direetioTi, it will immediately recover its position 
when left to itself, and with the greater force as it is 

jf gg^ more inclined^ The explan- 

n ation is as follows. The effect 

of the weight of the hallsj 
which weight is much greater 
than that of the figure, is Iq 
bring the centre of gravity of 
the whole greatly beneath the 
point on which it rests. Thb 
being the case, it is evident 
that, in whatever direction the 
figure is made to incline in 
respect to its point of sup- 
port the centre of gravity of 
the whole will be made to 
rise. In the position in which it rests, the centre of 
gravity is therefore in its lowest pointy and the equi^ 
UhHum is stable* 



154* To CAUSE A Body to support itself stea- 

BlhYf on an exceedingly SMALL PoiNT. 

A body may be made to support itself steadily on 
att exceedingly small point, if it be so loaded that 
its centre of gravity may be beneath this point. 
This is strikingly illustrated in the followiug very 
simple experiment. 

On opposite sides of a cork towards the topj let 
two forks be stuck, inclining downwards, and let 
the edge of the bottom of the cork be then made 
just to rest on the edge of a wine-glass* which 
muflt be held, if necessary, to prevent it from 
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falling* The cork may be brought, bj pushing 
it gendy side wise, to re^t upon so small & portion 
of the gja^ that it shaU seem scarcely to touch it ; 
and fet the whole will support itself steadily upon 
it ; if slightly moved, it will return to its position, 
and the glass may be raised without causing it to 
lalL By the weight of the handles of the forks, 
the centre of gravity is brought far below tiw poini 
of support ; hence the steadiness of the equilibrium, 
and the facility with which it may be brought 
about* on so small a point 

1551 A Body havikg APoaxiONOF its Surface 

aPHEKlCAI^ AKU RESTIKG BY THAT PoRTIOJf 

OF ITS Surface ok a horizontal Plane, 
HAS ITS Equilibrium stable or unstable, 
according as its Centre of Gravity is b*- 

17EATH OR ABOVE THE CeNTRE OF THE SpHERE 

of which that spherical surface formb 
Part. 

The figure in the woodcut is supported on a solid 
ba&e whose curved surface B A K is part of the 
tuiface of a sphere having its centre in C- The 
common centre of gravity of the 
figure, and the mass which sup- 
ports it, is Gt On whatever point 
D the spherical surface B A K 
rests on the horizontal plane, the 
vertical through its point of sup- 
port passes through C (by a geo* 
metrical property of the sphere) i 
when it rests then on A, A C iB J 
the irertiealj and this vertical passes then Ihrougli [ 
M 5 
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its centre of gravity G. When it rests on A, tliere- ■*• 
fore, the figure is in equilibrium. Now, when G i^ 
beneath C, this position is one of stahk equilibriuTni 
when G is above C. it is one of un stable equilibriuto* 
For, let the figure be placed in the inclined positioii 
shown in the cut» so as to rest on D, and Atv^^ 
through G the vertical G H to the horiEontal pkne* 
then is G H the height of the centre of gravity ii^ 
the present ineUned position of the figure. But, i^ 
the upright position of the figure, when it rested 
on A, the height of its eentre of gravity was A G^ 

Now G H is greater than AG if G be, a3 in tb^ 
figure, beneath C* ; but if G were above C, as, fo^ 
instance, at E, then G H would be less than G ^• 
In the first case, the centre of gravity is raised* 
then, by deflecting the body from its position c^^ 
equilibrium; io the second case, it is depressed* 
In the one case, then, the equilibrium is stnhie ; aii«i 
in the other, unstable. 

The same conclusion may yet more easily b»^ 
drawn from the consideration, that when the centi*^ 
of gravity is at G, the whole weight acting on tb^-*- 
side of the point of support Dj which is tmaatc^^ 
the former position of the body, tends to bring ^ * 
back to it : and that when it is at E, this weigh*^* 
acting on that side of D which mfr&m its fonn^*' 
position^ tends to deflect it yet fart-her from th^^*' 
position p M 

A very ingenious toy ia constructed on this prii^ "^ 
ciple* A hemisphere (or hdf-sphere) is ronnde^^ 

* For by Euclidj Proposition 7, Book iii.t G h* which 5^-=^ 
only part of G H, is greater thflu G A j much moreij then» U G fc^ 
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f some very heavy ^ubstancej lead, for instance ; 
ihe half of a leaden bullet will answer the pur- 
^se). Ou tills is fixed a figure eat out of Bome 
^ry light Bubstanee, such as the pith of the elder 
&e. This figure, if placed on the table, and 
elioed ever so much in any direction, will always 
g'ain its upright position. The ei^planation is 
utained in the principle stated above: the centre 
g:ravity of the whole figure is beneath the centre 
the spherical base ; for the centre of gravity of 
^ hemispherical ball is evidently within its massj 
li therefore below the centre of the sphere of 
*^ich it would form a part ; and the weight of the 
"M-re placed upon i I is so small, that it is not suffi- 
'lit to raise the centre of gravity of the whole 
c>ve that point, aa it wonld do if it were heavy, 
I u this manner were constructed the French toys 
.l«d Prussians, The figures represented soldiers ; 
^^ were formed into battalions, and being made to 
I down by dravt'ing a rod over them, they imme- 
^^ely started up agaio as soon as it was removed* 
Screens of the same form have since been in- 
cited, which always rise up of themselves when 
gj happen to be pressed down. 



I 



^6, The Stability op a Body which is sus- 
pended FROM A Point, or a f rxEo Axis, ts 

^SREATER AS THE CENTRE OF GRAVITY OF THE 
^ODY IS LOWfiE BENfiATH THAT PoiNT OR 

"3PHAT Axis* 

Suppose the body represented in the accompa- 
Dg tigure to be supported upon a point a^t C^ q^ 
If 4 
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'*!' Upon a fixed axis passings thjrotigh ftal 

that point Let C Z be tie vertical 

through C, a^nd lpt the body be de* 

fleeted from its ordinar? position of 

equilibriam by the action of the force 

j P, BO that its centre of gravity G maj 

^ occupy the posidon shown in thfl 

figure, instead of resting suspended b€iieath C ill tbe 

vertical C Z. 

The body being thus held in equilibrium by the 
a<3tion of the weight in G by the force P^ and by 
the resistance of the axis C, it follows, by the prin- 
ciple of the equality of moments, that, if we take C 
for the point from which we meafiure the moments of 
these forces, that of the last- mentioned force vaaisi- 
ing, those of the two others will be equal; that is, the 
product of P by C P will be equal to that, of th& 
weight of the body, by C M; C P and C M being 
respectively perpendiculars upon these forees froto 
C* Now, supposing P to be applied always at the 
same perpendicular distance from C, or C F always^ 
to be the same, it follows, from this equality, that F 
must be greater according as the product of the 
weight of the mass by C M is greater ; or that, for 
bodies of the same weighty it must be greater as C M 
k greater^ Now C M is equal to G N, and G N 
would evidently be greater if Q were lower upon 
the line C G ? or if the centre of gravity were lower 
beneath the point of suspension in that position of 
the body in which it rests of itself. Thus, then^ the 
force P necessary to deflect the body from the po* 
sition in which it rests of its own accord, iuto any in- 
clination to that position^ is greater as the centre of 
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lower. The body is therefore more itable 
I the centre of gravity is lowerp 

157- The Balance. 

It it for this reason, that in the construction of 
delicate balancea, whose degree of stability is re- 
quired to be the least possible, that they inay turn 
with the leaiit possible difference of the weights in 
the scale-pans, precautions are taken by means of 
which the centre of gravity^ G, 
of the whole moveable portion of 
the balance^ including the beam, 
the scale-pans, and the weights 
they contain, shall lie, in every 
ease, at an exceedingly small dis- 
tance beneath the point of sus- 
pension, or fulcrum of the ba- 
^m F, By maJdng the scale-pans equal in 
height, suspending them at equal distances^ FP 
i^d F Q, from the fulcrum and from points lying at 
l^e extremities of a line, P Q, passing through the 
fiilcrum Fj their centre of gravity, and that of the 
If eights they contain when equal, is brought, so 
tbt it would exactly coincide with the fulcrum if 
the beam did not bend ; and it would then only be 
tie centre of gravity of the beam itself, which 
n\M lie beneath the fulcrum, and produce the 
*tibility of the balance, bringing it back from its 
deflections so as to vibrate it. The beam, however, 
ift reality always bends^ whatever may be the care 
tibn to give it rigidity- And thus the centre of 
gravity of the weights in the scale-pans, as well as 
that of the beam itself, is brought beneath the ful- 
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crum ; ttod this depression is greater as the obje< 
weighed are Heavier- The best balances are iho 
made by Mr* Robmson; every precaution wbi< 
science may suggest to ensure the accuracy of the 
balaucea, is taken in their construction and tht 
adjustment.* 

15S. To MASK A Balance which shall AFFii 

TRUE WHEN KMPTT, BUT YET WEIGH FALSELT' 

Let a balance be constructed with unequal inn 
and let scale-pans be suspended from them of ui 
equal weightSi so adjusted that they shall just equ 
poise one another^ and make the beam to rest io 
horizontal position. This balance will appear a JQ 
one when the scale- pans are empty, but it will d 
weigh truly ; for any weights put in its &cale-pft 
will be suspended at different distances from i 
fulcrum* They cannot, therefore, balance 
another when they are equal — that suspended frc 
the shorter arm must be greater than the otlu 
The weights u^ed being theD put into this 8ca 
and the commodities to be weighed into the oth 
the balance^ appearing to be true, will weigh ^ 
weight. 

The deception is easily detected by changing 
scales in which weights and the things weighed 
placed. If the balance be false, the equilibrium 
then DO longer exist. 

* For ft more complete dkcui&ion of the theory of tbebiSi 
the reader h referred to the aiithor^s treatue on ** Medu 
Applied to Ibe Arti,'* p. €B. 




To WEIGH TRULY WITH A FALSE BalANCE- 

Let the article to be weighed be placed in eitlier 

scale-pan, and let the weight necessary to balance 

it in the other be found ; place it then in the other 

scale, and let the weight neccsaary to balance it he 

found as before ; take then the product of these 

two false weights ; the square root of this product 

irill be the tnie weight. Thus, if in one aeale the 

article weigh 14- ounces, and in the other 16, taking 

the product of them we have h 224- ; the square root 

of this product is 14?|, which la the true weight in 

ounces. 



160. Borda's Method of weighing truly with 
A FALSE Balance. 

A much simpler method than the above, of weigh-* 
ing truly with a false balance, haa been conceived 
byBordaf and may be considered as in all cases 
tbe most certain waj" of ascertaining the weight of 
fliiy substance. Let the thing to be weighed he 
placed in either scale of the balance, and any heavy 
but mi n u te s u bsta nee — leade n fi I i ngs, for i nstan ce — - 
accumulated in the other, until they precisely balance 
it; let the article to be weighed be now removed, 
andr in the scale which contained it, let weights be 
^troduced until an equilibrium is again accurately 
produced* These weights will give the true weight 
of the body, independent of any error in the ba* 
liiice ; for their weight produces eacactly the same 
effect that its weight did — balancing identically the 
«mfi bad in the opposite scale. 
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* 161, Undeh what Circumstances a 

SUPPORTED UPON A HOHtZONTAL Pl 



MOBK OH LESS STABLE. 



m 



Tb order that a body which resta upon aiK 
and is therefore in a stable position of equilib 
may be overthrown, it muat be made to pass 
that position of siaijk into one of unMahk 
lib num. Thus, for, instance, to be overthrow! 
body A B C D, from the stable position shov 
the first of the aceompanying figures, must he i 
to revolve into, and slightly beyond^ the urn 
position shown in the second. 




The body i^ more or less stable in its pot 
represented in the first figure, according as tli 
volution it must receive to bring it into the po4 
represented in the second figure is greater oi 
and according as the force required to produo 
revolution is greater or less- Now, by this re 
tion, the line G A, in the first figure (G repn 
ing the centre of gravity) is made to pass, ffo 
inclined to a vertical position, in the second fi 
so that G may be vertically above the angular 
A, on which the body turns. But that G A (^ 
may revolve into a vertical position, it must re 
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hrough the angle G A M, which angle Is equal to 
iie angle A G Ki The revolution, then, which the 
Mj must receive before it will fall over of itself, 
ii greater or less, according as the angle A G K ia 
greater or less. Now the angle A G K is greater 
according as G is lower ^ and according as A K 
IS ffreaier^ For it is evident, that if G had been 
ligher than it is— as, for inatancej at H — then the 
angle G A M, or ita equal A G Kj would have been 
leis than it is : moreover, if A K had been les5 than 
it iS| then, also, it is evident that A G K would have 
been leeg, 

ThuR, then, we see one reason why it is thatj as 
I body's centre of gravity is lower, and ita base 
wider, it la more difficult to overthrow it — the body 
requiring, aceording as fhese conditions obtain, to 
be turned farther before it will pass into a poMtbn 
feme of unstable equilibrium) from which it will 
y over of itself* 

The amount of the revolution which must thus 
^ given to a body^ by the application of a sufficient 
^oree, before it can be overthrown, is not, however, 
ll»e only element on which the degree of its stability 
depends. Another is the amount of the force ne- 
ctaiary to produce this revolution. 

The amount of the force depends upon the weight 
of the body, and the distance of the vertical G K 
tliraugh its centre of gravity from the point A, round 
^hich it is to be made to turn. 

To make this appear, let us suppose that the force 
intended to turn it is applied at C in a horizontal 
direction ; in which direction the line C M is drawn, 
Kteeting the vertical line A M in M« Suppose this 
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force C to be just upon the point of cauiing f 

"body to turn on A, and very slightly to have m 
it, so that the forces which act upon it are em 
in equilibrium; imagine, moreover, all the wqj 
of the body to be collf^eted in G, an allowable si 
position ; the weight acting in Ct, the force act! 
at Cj and the resistance of the surface on vk 
the body rests acting at A, then, are the for 
in equilibrium. There must then obtain betwi 
them the relation of ike equality of momenSs* {f 
art. 129.) If, then, from the point A perpendii 
lars be drawn upon the directions of the forc€ 
C, and the weight through G, then the producta 
the lengths of these perpendiculars, by the numb 
of cwts., or pounds, or oiinceSj in their correipoi 
ing forces, must be equal-* Now these perpendicoi 
are evidently A M and A K. When the force C 
just then upon the point of turning the body, iti 
force equivalent to such a number of pounds, tJ 
this number of pound.^ being multiplied by the M 
ber of inches in A M, the product shall equal I 
iJUQiber of pounds' weight in the body multiplied 
the number of inches in A K, And the fir&t pf 
duct must be greater according as the last is great 
so that supposing the force C to be applied ah"* 
at the same height, that force itself must be giear 
according as the last of the above mentioned p^ 

* The perpendicular from A upon tbe resistance aC^ 
through that point, i^ of course nothing or of no length ; 
moment t:^ thU resistance is therefore nothing ; thus thk ti 
force Tonishffs from tlie relation of the equality of mome 
when tpu measure them from A, for wbldi re^on it is thi 
above all other poiuts is selected to measure them from,. 
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ucts IS greater, and tbifi last product k greater 
ig as A K is greater. Thus, then, the force 
ssary to tura the body is greater according ac 
distance of the vertical through its centre of 
wntj from the point on which it is to turn is 
flter or less. The amount of this force hai^ 
r, nothing to do with the height of the centre 
' gravity ; thus it is the same in the figure, how- 
ler high G may be, provided it remains in the line 

;h. 

So far, theuj as the stability of the body is depend- 

nl upon the force necessary first to move it, it ia 

^dependent of the height of the centre of gravity ; 

'so far as it is dependant upon the amount of the 

_ deflexion which will be sufficient to overthrow it, it 

i dependant upon that height* 

; is because a sltt/ht deflexion will overthrow & 
dj when loaded high, that it is then of little sta- 
uility, not because a leas force v^ill then move it, 
Jis ^reat a force js necessary at first to move a high 
dy as a low one, but a less deflexion will o ver- 
ity Thus, when a body is of necessity sub- 
to certain deflexions, it should never be 
ded high ; a coach, for iji stance, which is of ne- 
^mi^ deflected by the irregularity of the road, if 
« be loaded high, may be brought by some of 
-wese detiesdons into, and beyond, its position of un- 
Ible equilibrium, and overthrown; whereaii a tower, 
■ a spire as high as that of Salisbury cathedral, 
rtftnds firmly on its base. 

If the vertical through the centre of gravity of a 
Wy do not pass through the middle of its base, the 
wdy is more stable to resist. a force in one direction 



176 



fLLUSTaATIOKS OF MECIfAHICS. 



than another. Thus in the figure tha paint K a^ 
being in the middle of the base Aj it is entJent 
from what has been said, that the body is mow 
stable in respect to a force tending to turn it about 
A, than to one tending to turn it about B* There 
are structures whose centres of gravity are o^er 
points thus greatly nearer to one side of the base 
than the other, so as in one direction to possess but 
a slight degree of stability, which, by reason of tieif 
great weight, stand nevertheless firmly- Such are 
the hanging towers of Pisa and Bologna. 

WALKING. 

In the act of walkiog, the centre of gravity ii 
raised, alternately ^ over the legs. The motion some* 
what resembling that of a pair of open compasiest 
made to rest alternately on their points ; the centre 
of gravity is over the fork of the legs^ and may be 
imagined to be over the angle of the compasses. It 
as the compasses are tlius made to travel forwardBi 
resting on their alternate point^j these points are 
not placed in the same straight line, but alternately 
to the right and left of it, then the centre of gravity 
will describe a series of arcs to the figbt and lefti 
and it will not be carried so far forwards, by a cer- 
tain nnmber of steps, as though these were made iu 
the same right line; this corresponds to that un- 
gauily motioD in walking, which is called waddling* 
It is remarkable how nearly the footsteps of a person 
who walks well, are in the same straight line, as 
may be seen especially, if we trace them in tha 
B^now ; thb is, moreover^ remarkably the case with 



Animals^ horses for instance, and espedally it is the 
case with birds, whos^ centres of gravity being for 
the most part yery high, in conipariaon with the 
dimensions of their feet, they are taught instinctively 
to avoid those detiexions of their bodies to the right 

(d left, by whieli they might be overthrown, 
ffaking the width of a man*8 toot at about three 
fthes, and giving him an average stature, it nmy 
I be ealeulated that a de flex ion of his body of less 
than two degrees would, when he rests on either 
foot, be sufficient to overthrow hiin. How justly 
related then must be the effort which he makes at 
every step, to transfer his centre of gravity from 
above one of his feet to above the other, that hh 
position may he kept within this narrow limit ! Put 
opon his shouhler;^ a burden, and you will raise his 
centre of gravity, and greatly increase the difliculiy 
he will experience in balancing himself; yet how 
finiiily and securely does he tread ! A man carrying 
I hurden as heavy as himself, and inclining his 
position as he steps on each foot, only half a degree 
to the right or left of the position in which he would 
rmi on that foot, would be overthrown. 

At each step the centre of gravity is raised and 
made to revolve over the foot. It is this raising of 
the centre of gravity^ in which the whole weight of 
the body may be supposed to be collected, which 
constitutes the great effort of walking. It has been 
calculated thai at every step the centre of gravity 
jfi raised a perpendicular height equal to about one 
eleventh the length of the step ; so that a person who 
walks eleven miles, raises his centre of gravity and 
therefore the whole weight of his body,^ succession of 

K 
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lifts, equivalent to the direct rtisiDg of it, one nutft 
If six men, weighing each 182 lbs*, and a boy of 
haif that weight, walk at the rate of eleven miles in 
three hours, the aggregate of their labour, while tkys 
walking, will be about ^ual to one hors€*a power j 
as the amount of a horse's power u usually ej&tUnated* 

162. The Resistance of a Surface* 

Resistance ie a force which is lodged, like 
gravity, univermUy in matter^ When it priests 
itself under the form of a pressure^ or as one of 4 
system of forces productng equilibrium, its chaiac- 
tcristic property is this, that, at eaeh point of ite 
application, it Is supplied precisely in that quantity 
and degree in which it is necessary, that motion maf 
not be produced there, and in neither more nor less 
than that degree. It is by reason of this propefty 
of resistance, adapting its mergieSf as it were ta ^ 
demand made upon tliem, that an inAnite variety 
can (within certain limits) l>e introduced among the 
remainder of a system of pressures, of which * 
resistance is one, without, nevertheless, disturbivg 
their equiUhrium, 

This property of supplying a force precisely equal 
of the amount required to counteract the tendency 
to motion is, however, in every case of resistance 
known to us, confined within limits, more or less 
extensive indeed, but yet deJinitB and Ji3i€d, 

Airs and liquids supply no resistance of this kini 
at all^ or none that is appreciable, the bodies we call 
soft, but little ; and all solid bodies, are subject ta 
this law, tliat they i^eld^ by reason of their elatsticityi 
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ore or less, but for the most part iuappreciablyj to 
fmf pressures and that there are certain limits 
gjond which they resist no longer (or in other 
orda do not supply that resistance which is neees- 
iry to prevent motion); motion then takes place^ 
be structure of their parts is destroyed, and they 
imiA, or break, or fly in pieces — these being all 
i^ut so many tertns used to express the iosufiicieDcy 
of their resisting power to supply the pressure ne- 
cessary to equilibriunL 

These remarks apply only to the magfntud$ or 
auioiint of the force by which the surfaces of solid 
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be direction in which a solid body resists wa«v 
vhen the theory of statics was first diseussedj takeD^ 
bjpothetically, to be a direction perpendicular to 
the surface of the resisting body- 

It ia diJBcult to assign any better reason for tbi» 
hypothesis, than that desire to simp E if y the eon^ 
di^ons of a question which is natural and, perhaps, 
Bftce»«ary to the Jirst discussion of it. The same 
Rason does not, however, sufficiently account for 
^^preservation of it. An abundance of examples 
^ suggest themselves to every one, showing that 
the hypothesis is in no case true. Did the surface 
df the earth, for instance, on which we tread, resist 
^ly in & perpendicular direction j although we might 
itandf the first step we made would infallibly bring 
m to the ground ; and^ as to stretching our legit sm 
^ 2 
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we do when we walk rapidly, inclining tHem at 
considerable angle, and trusting to the resistanci i 
the ground to counteract their oblique pressui 
upon it, it would be madneBS- 

Resisting only in a perpendicular direction, i\ 
surface on which we trod conld not possibly supp! 
any opposite force to the oblique pressure wJiio 
each leg in its turn would exert upon it — and (all 
ingj where we fell we must /te, unless some immo^^ 
able obstacle were at hand, by clinging to which ^ 
miglit regain an upright positioi) ; for to rise by tlw 
usual method J supported by our hands oiid kneea 
would be impracticable — every effort which we « 
made would be accompanied by an ahliqut thntf 
or pTessure, and no such Miqiie pressure wouh 
be counteracted t at every effort our hands aiM 
knees would slip from under us ; and it woald b 
an equally useless task to attempt to rise oursd^ 
and to trust to the assistance of others. In sbofl 
under a state of things like this, to live the life a 
locomotive creatures on the solid surface of tb 
earth would scarcely be possible ; and had it esiitei 
from the beginuingj we cannot but believe that il 
animated being, other than that which peopled t^ 
air or the seas, wouid have been rooted into A 
ground' 

Whilst it is thus certain that the resistances € 
the surfaces of solid bodies are not confined to thel 
perpendicular directions, it is by no means certai 
what that particular law is, by w hichj in each difiel 
ent body, the direction of its resistance is reaJl 
governed* Nevertheless, the following is a ^^\ 
near approximatiou to that law. 
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164, The Cone op Resistance. 

resistance of the surface of a solid body is 
)f exerled in evertf directiou whicb does not 

vith the perpendicular an angle greater than 
in anglet called tlie limiting angk of resui- 

[which h ^vrays the same for the same surface, 

fierent for different surfaces, 
perhaps, this law will be better understood* 
this other form of it- 
cone be Imagined to be taken, as in the ac- 

linying diagram, having its avis A Q perpen«- 
r to any point Q of the surface of a solid body, 
iving it^ angle^ at the vertex, dependent, by a 
ituple law, upon its friction with the surface 




another body pressed upon it at Q ; then the 
asure will be resisted, provided its direction be 
r where within the surface of the cone, as, for 
tance, in the direction of the arrow P Q ; and it 
I not be resisted if its direction be any where 
hout it 
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The remarkable feature of tMa law is thm, 
it is trut? whatever may be the amount of the force I 
P Qi with in the limits of abrasioD. Whether tMs [ 
force be great or small, it will be resisted if iti I 
direction be unthin this cone; and if it be witkmA\ 
the cone, it will fiat be resisted. 

The atigle of the cone of resistance is depeDdaat* ' 
by a very simple law •, upon this property of the 
friction of two surfanes in contact, that the arnooAt 
of the friction is alwap proportional to the per- 
pendicular pressure which produces it We shttt 
tlifcreafter speak fully of this property. It wiU be 
here su Bid en t to state^ that the angle of the ccwie 
being dependant upon the friction^ there must always 
. be the same cone of resistance for the same sar- | 
i^es of contact, and different cones of resiatauW 
for different surfaces, inasmuch as the friction is 
the same for the same a or face, and different kt 
different Burfacea* 



165i Illustration of the Cone or Resistance 
IN THE Striking of a Hammer. 

if a hammer be struck upon a polished ma§9 d 
metal — an anvii* for instance, — it wiU be found tbs^ 
there are an infinity of directions, besides the pef* 
pendieular one, in which the blow being given* i* 
will be resisted ; and this, however strong the bb* 
may h^i even although it were given with a sl<^ 

* llie Terdco] angle of the cone b tvjce that who?ie- tan^^ 
\t the eon^^ant ratio of the fnction to the pressure. See " M*' 
ohanica applied to Art^" p. 43.^ ; also p, 47>^ whetc h a taiil^^ 
the ftii^les of the cones of resistance, for ditferefit surftce^ 
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er- If now, the direction of the stroke be 
EiaUy^ and very gradually, inclined farther and 
from the perpend icidar» it will be found 
bere id a cerktin incHnatiuo up to which the 
joice will continue perfect, and that after this 
ktion 13 passedi every blow will slip. The 
te of the cone ia^ in point of fact, htyand thai 
\uioih pfissedt aiid the principle above stated, U 
filustratedi 



iLLtJSTRAtlOM OF THE Law OF THE Rl- 
fANCi^ Of A StJRPACE, IN THE UsE OF TH* 
pWBAEU 

fere is scarcely any n*e to which the inechatiical 
ji are put, in which the principle of resiiitance 
lin the last article, does not find its application. 
|e crowbar, for mstance, represented in the 
engraving by A B, and u^ed to lift up the 




Motion canooi take place, or the mas^ 
isdi except by its surface sliding on the stirface 
I lever, at the point where it restn on itt and 
er that the two surfaces may thua slip up 
Uother, the directitm M n, in which they 
id upon one another, must be with&ut 
i a * 
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surface of the cone of resistance^ When by the 
action of the force P> which moves the lever and 
the resistance of the point A, on which it rests, the 
direction of the pressure M n, is made to assume a 
direction just withotU the surface of this cone ; the 
surfaces begin to slip, and the mass to be elevated. 
Knowing the friction of the surfieices, we know 
what is the cone of resistance at M • Thus ve 
know what must be the direction of Mn, when 
motion is about to take place, and knowing this 
d irection, we know the perpend icular A m. Knowing 
then A m and A P, we can compare the pressure 
of the lever in the direction M n with the force P» 
since by the principle of the equality of moments, 
the moments of these two forces about. A, are equal. 
Proceeding then to the point N, and observing 
that, by the same principle, the moments about that 
point, of the force in M n,B,nd of the weight of the 
mass supposed to be collected in G, are equal, we 
can determine a relation between this weight and 
the force in M n. Knowing then a relation between 
the weight of the mass and the pressure of the 
lever upon it in M «, and knowing also a relation 
between this last pressure and the force F, we c^ 
determine a relation between P and the weight ^* 
the mass, when motion is about to take place ; th^' 
is, we can determine what force P, is necessary t^ 
raise the weight, when in any position. This probleif^ 
is, however, a complicated one, and requires, to its^ 
complete solution, the application of considerable 
mathematical knowledge. It is merely described ^ 
here, that the nature of such investigations may be 
presented to the mind of the reader* There are 
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otlier eonsiderations, which yet more complicate 
the prohlem* It may be, that before P attains tliat 
amount wiiich is thus shown to be necessary to lift 
the mass, it may produce a pressure upon the ex- 
tremity A of the crowbar^ whose direction i* 
without the cone of re&utance at that point, so that 
it nriay cause it to slip ; or it may, before it reaches 
this limit, produce a pressure on N* iu a direetion 
without the cone of resistance at that poinU &o as 
to cause that point to shp. In either case, the 
Bvation of the mass wiU be arrested. 



167. The mechanical Advaktage of any 
Machine is supplieb by the Resistances 
OF ITS Fakts- 

Of all the different forms of force, that under 
wliich it most directly connects itself with practical 
mechanics J and wiih the operation of machinery — 
that without which no machine can act, and which 
every machine is indeed but a contrivance for 

applyvDg, is HESISTANCE- 

The resist^ftces of the axles of its wheels, the 
fulcra of its levers, and of the various surfaces by 
^hich its parts move in contact with one another, 
are in point of fact but so many pressures, which it 
hrromsy and which are made to co-operate in the 
effect it produces. 

That which is known to us in a machine, by 
toe name of a mechanical advuntctgtj is no other 
than a contrivance by which we are enabled to avait 
ourselves of the resistance of aome surface or sur- 
faces entering into the construction of the machiue 
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we use- Thus in the lever, the resistance of ti«i 
fulenjm aids in Bupporting the weight ; and by just 
90 much as it resistSj diminishes the prepare whieh< 
must be made to act upon it, before the weight can j 
be put in motion.^ or the work done* So too of the. 
wheel and axle, it 13 but a contrivance by which th* 
resistances of the points on which the axle tuFn$f 
are made to contribute to the force which must be 
used before the weight can be raised, and wiiicl 
must be kept up during the whole time that it is in 
the act of being raised. And the inclined place ii 
but an instrument whereby the resistance of the 
surface of the plane is made to supply a certaia 
portion of that pressure which would be necessary 
to raise the weight, directli/f through a distance eqml ,| 
to the height of the plane. 

Such in practical mechaDics, and ia the operatiaa 
of machinery, is the esiential part which belongs tv 
the resistances of points of support 
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When a body is pressed upon the surface w 
another, it is moved along that surface with dil' 
ficulty. If you attempt to cause one of the surface 
to slide *on the other, a certain force opposes itself 
to the effortj which is found to be greater, as they 
are pressed together with greater force. By renr 
dering the surfaces of contact more smooth » or bf 
interpf>sing unguents between them, the aroouot 01 
this resistance, calJed friHion^ may be greatly di* 
minished, but it can never be altogether got rid of« 

The principal experiments which have been made 



upon friction, have reference; First, To the pro- 
ion in which the friction increases witlt the 
r^€*rMre, on the same surface. Secondly, To the 
I sanation of the amount of friction, produced by the 
*t^me pressure^ upon equal surfaces of different sub' 
^nceSf Thirdly, To its relation to the size (tf the 
turface of contact, the pressure being tlie same, 
nFourtlily, To the influence of the time in which the 
l^CHlieg have been in contact, on the amount of the 
I fHction ; and especially to the distinction between 
't^e friction which resists the first motion of a body 
from rest, and that which opposes Itself to its 
'^^otion during the continuance of that motion, 
^he principal experiments on thig subject have 
*^€a made by Coulomb*, Professor Vince, Mr, G- 
** ^nnief , M. A, Morin. J The following are among 
**^^ principal results of these experiments ; a more 
*^^ tailed statement of them is contained in tables in 
J'**^ Appendix, 

\$9* The FaicTioH is proportional to the 

Thus, if the surface of one body be pressed upon 
^hat of another with a certain force^ and if that force 
be then do u bled, the friction will be doubled ; if the 
force pressing them together be tripled, the friction 
Will be tripled, &e, Ac. 

Thus, for itistance^ a piece of cast-iron having a 
{ilane inrface of 44- aqnare inches was laid, by Mr- 

• Meiti, des Sav. Etrangers, T7Sh 
t Philosopbtcal Traiisae|ioii% 1809. 
^ Mems, d^ J'lnstitutc, 1S33- 
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Rentiie, upon another larger plane surface of the 
same metal, rand loaded with a weight, which, together 
with its own, amounted to 24 lbs. ; aad it was found 
that a force applied to it, parallel to the surfaxie, hj . 
means of a string and pulleys j**st moved itj when i* 
amouiUed to 5 lb, 3 oz. 

It was then loaded, so as to be aimilarly pressed, 
with twice the first weight, or with 4-8 lbs, and a foi?oe 
of 6 lbs, 8 oz. was then required; indicating a inctiofl 
in the last case, or under double the pressure, which 
only differed by 2 oz. from twice the former friction- 

When, agam, the surfaces were made to press upon 
one another with a weight of S6 lbs,, being 1 ^ times 
the first pressure, the force required to move ihB 
body, that is its friction, was found to be 4 lbs, 14 oz^ 
differing by only 1 joz- from 1^ times the first frictioa. 

By similar means^ a piece of black beech^ which had 
a surface of two inches square, being pressed upon 
another with a force of one hundred weighty was 
found to have a friction of 15 lbs. 5 oz. ; and, being 
pressed with a force of tJirc€ hundred weigh t, to have 
a friction of 45 lbs, ^ oz., differing from triple its 
previous friction, by no more than 1^ ounceSi A 
piece of Norway oak, of the same size* being pressed 
npott another with a weight of one hundred weight|. 
exhibited a friciion of 1 4- lbs* 5 oz* ; whilst, under a 
pressure o^f&ur hundred weighty its friction became 
56 lbs, 7 ozi, differing from four timea its fonaef^ 
friction, by only 15 oz. 

This rule is however only an approximate one, 
from which the actual friction varies but little, in the 
case of hard metals, for pressures less than 32 lbs, 
upon the square inch ; but from which there is ft 
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rapid deviatian, for pre&Bures exceeding that limit. 
For woods, the limit h somewhat higher ; but, within 
this limits the results are mo re irregular than in the 
case of metals. 
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170* Amount op the constant Proportion of 
THE Friction to the Pressure in different 

% Substances. 

An extensive table of the results which have been 
obtained on this subject will be found in the Appendii* 
The following may be mentioned aa general conclu- 
sions : 1 st. That the ratio of the friction to the 
pressure in all hard metals is, for pressures less than 
\'2 lbs- on the square inch, nearli/ ike same* For all 
metah, thtfrirtion is very little different from 
(me sixth of the presgure, 

2d. The friction of the soft metals is greater than 
tbat of the hard oncf^. 

3d* Tiie same relation obtains in respect to the 
friction of the soft woods and the hard ones- Thus 
two surfaces of yellow deal being pressed together, 
exhibited a fnction equal to more than one third the 
pressure, whilst the friction of two surfaces of red 
teak was scarcely more than one ninth of the pres- 
sure * These were the two extreme ratios in the case 
of woods* 

Whether the fibres of the two surfaces of wood 
be parallel or perpendicular^ materially affects the 
amount of friction, and whether they be wet or dry. 

Thus, when one surface of oak was pressed upon 
another, the fibres being parallel, the ratio of the 
Iction to the pressure was from -60 to '65 * whr^n 
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the surfaces were eo placad ia cDntact that their 
fibres were perpendumlan tbe ratio sank to -Si ; and 
when, the fibres remaining thus perpendicular, the 
surfaces were weiied it rose again to -71. It ii a 
practical faet of some importance, that the friction 
of surfaces of wood upon one another is thus sci 
considerably increased bj wetting them. 



171 • The Amount of Friction is independist 

OF THE Extent of the Surface pressed, pao- 

VIDIO THE WHOLE AmOUNT OF THE PRESSURE 
REMA1H THE SAME, AlID THAT THE SuBSTANCK 

OP THE Surface pressed is the same. 

This is an important property of friction, which 
has heen established by numerous experiments. 
By increasing the surface which supports the pres- 
sure, you dinunish the amount of pressure upoa 
every point of it, and you thus so diminish the 
friction upon every point, that although there are 
more points which rub, their aggregate amount <rf 
friction is only the same as before. 

Thus, in one of the experiments of Mr. Renni% 
a piece of cast iron, when laid upon its Jku side» 
which had a surface of 44 square inches^ and 
loaded, so as to press upon another surface of cast- 
irout with a force of 14 lbs., required a iorce Slbe* 
4 oz- to make it slide ; wiien placed upon its ed^e^ 
which had a surface only of 6 J square inches, and 
subjected to the same pressure, 2 lbs. 2oz., were 
found sufficient to move it* The friction, in the 
one case^ waa then $4 ounces, and in the other^ 36. 




172, The Faiction of a Boot when in a Statb 
of continuous motion, bears a constant 
e.axio to the p»es5ua£ upon it, which is 
the sam^, whatever bf ay be the velogitf 
or THE Motion, 

^Thig fact results from the experimfinta of M* 
Morin, made in the years 1831, 1832, at Metz, on 
a very extensive scale, and under the saijction of 
the French government. 

The force with which the cord was, at any tinte^ 
pulHng the various bodies which it put in motion (and 
whose friction this force was always equal to), was 
estimated by the deflexions of a steel spring to which 
it was attached; and the^e deflexions were made by a 
very ingenious confrivancej to register ihemsehes, at 
every period of the motioDi The principal facts 
resulting from them were those stated at the head 
of this article, that the friction in this case of con- 
coutinued motiun^ as well as when the body ifl 
moved from a state of rest, is always the same frae* 
lion of the pressure, however great (within certain 
limits}, or however small, that pressure may be ; 
and moreover, that its amomit is wholly independent 
of the velocity with which the body is moving, 
being of the nature of that force which is called by 

ihematicians^ a uniformly retarding force. 
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S- The Effect of Unguents upon Friction. 

The general effect of unguents upon friction is, 
as It IS well known^ materially to diminish it. It is, 
however, important to observe^ that in doing thi9> 
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they entirely destroy the constant ratio which, with- 
out unguents, friction is found to bear to the pres- 
sure. 

Thus, Mr. Rennie found that the friction of an 
axle of yellow brass upon a collar of cast iron 
was, without unguents, in every case about -Jth the 
pressure. * When the surfaces were oiled, this 
ratio became under a pressure of | cwt., only ^th; 
but when the pressure was increased to 11 cwt, it 
rose to ^th. 

Axles of yellow brass, moving in collars of cast 
iron appear, from the experiments of Mr. Rennie^ 
to exhibit when used with unguents, the least 
amount of friction; and that unguent, which is 
best adapted to them, appears to be tallow. With 
this unguent, the mean result of his experiments 
gives for a pressure of from 1 cwt. to 5 cwt., a fric- 
tion of somewhat less than ^th' the pressure. With 
soft soap it becomes ^^th. It is a remarkable fact, 
that while, with the softer unguents, such as oil, 
hog's lard, &c., the ratio of the friction to the pres- 
sure increases with the pressure ; with the harder 
unguents, soft soap, tallow, and anti-attrition com- 
position, it diminishes. 

The question of time does not appear to ha^^ 
been sufficiently attended to, in these and other ex- 
periments on friction, and the subject is one in 
which much probably yet remains to be learned. 

* The axle was revolving during the ezperiinent over 4 
inches of surface, in 90 seconds. 





74r. Thb circumstakces under which a body 

WILL SUI*P0RT ITSELF UPON AK InCLIHED 

Plane^ 

Let the weight of a body, resting upon the ia- 
clined plane, represented in the accompanying 
fp. 47, figure, be supposed to be collected 

in its centre of gnivity G, and 
draw the vertical line G N ; it is 
in the direction of this line that 
the whole weight of the body will 
' act, and it is in the direction of this line, there- 
fore, that the body may be supposed to be pressed 
Upon the plane at L. If, then, thia direction lie 
without the cone of resistance at L^ the body will 
slip down the plane; if it lie witAin it, it will not 
Now, if L K be drawn perpendicular to the sur- 
face of the plane, from L, it wiJl be the axis of the 
cone of resistance at that point, and the direction 
of G L will be within or without the cone, accord* 
ing aa the angle K L G, is less or greater than one 
half the angle at the vertex of the cone. But the 
angle CAB is equal to the angle K L G ; the 
body will therefore rest, of its own accord, or slip 
upon the inclined plane, according as the inclin- 
ation CAB of the plane ia less or greater than half 
tile angle of its cone of resistance : and conversely, 
Itie inclination of tlie plane just equals half the 
ftngle of the cone of resistance, when it is such* 
^hat the body begins to slip upon k. Half the 
*iigle of tUe cone of resistancej is called the limit- 
^ mgh of resistance, being th^l inclination of the 
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pressure to the perpendicalar, which first, L 
case» causes the body to slip* It is thus tk 
limiting angle of resistance, has, in respect 
great number of substances, been determ 
Their surfaces having been made perfectly pi 
have been placed upon one another, and then I 
bodies have been made to rest on an indi 
plane; this inclined plane being moveable, so 
to admit of receiving a greater or less indinadt 
It has then been gradually elevated, until t 
bodies were first observed to slip, and the angle i 
elevation, 0|r, as it is called, the slipping angle, beio^ 
observed, the limiting angle of resistance becam 
known. 

A table in the Appendix contuns the resulti of 
experiments thus made by Mr. G. Rennie. 

175. The circumstances under which a bodt 
may be supported upon an inclined pl,anb» 



Let the supporting force, be applied by i 
of a string D P, passing over a puUey D, and WR* 
porting a weight W. Let the direction, DP o^ 




this string be produced, so as to meet the verdO^ 
G L| through the centre of gravity in M. Me^ 
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stire Q& M K, containing as matif equal parts aa 
there are pouDd* or ounces in the weight W; 
and M Li containing as many as there are in 
the body to be supported. Complete then the 
parallelogram M K N L, and draw its diagonal 
M N. Then, by the principle of the parallelogram 
of forces, it is in the direction of this line M N that 
the resuUant of the force P, and of the weight of 
the body to be supported, will act ; it is, therefore, 
in the direction of this tine that the body will be 
pressed upon the plane. If this 
direction be within the surface 
of the cone of resistance, this 
pressure will be counteracted by 
the resistance of the plane, and 
the body will rest ; if it be with- 
out itj it will not^ and the body 
will move. The direction of its 
motion I whether it be up or down 
the plane, depends upon the di* 
reotion of the line M N ; whether 
it be, afl in the first figure, t^^ 
tds^ in respect to the surface of the plane, or a* 
I the iecond, daianwatds,^ 

176. The hoveabi^e Inclined Plane. 

^uppose an inclined plane ABC to be free to 

W along the surface on which its base B C rests^ 

I let it be pressed along it by a force P, acting 

^direction perpendicular to its back until it en- 

t See ^Mcn^^BMoci. applied to the Ar^** (i. 49. 
O 2 
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counters and presses against a mass M^ which v&di^ 
its farther progress. The pressure of the surfaci? 
/y. 50* of the plane upon M is pro 

duced by the resistance Q of 
the mass on which the base 
of the plane rests, and by thej 
pressure P on its back^ and i^ 
is equal to the resultant oi 
9 these two pressures., Suppos^a 

that F is so increased, as to make it sufKoient jus!^ 
to overcome the resistance of the mass M, and t€M 
cause the two surfaces to slide upon one another ^ 
the direction of this resultant pressure of the plane 
upon the mass must then be just without the cdu 
of resistance* and in the same direction must be th 
opposite pressure R of the mass Mj upon the plaae- 
We know, then, what must be the direction of tli^ 
pressure, whatever may be its amount^ which causes 
the resistance to yield** The amount of tliis forc^ 
is dependent upon the nature of the resistance t>^ 
the mass- In the cases about to be descnbedi l1» 
which the moveable inclined plane is used unde** 
the forms of the screw and the wedge, the resjstane^ 
commonly results from the cohesion of the parts of 
the mass, whicli must be overcome* before the plau^ 
can move. 

• I77< The Screw. 

The surface of the plane^ above and below tbat 
part of it M (see the last figure), on which the 



^ Se? "Mcchanici applied to thet Arts," p. 52. 
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massrests^ has nothing to do with its equilibriam 
Upon that* part, or with its pressure exerted upon it: 
thus, for instance, the parts A M and B M above and 
below M, might in any way be altered^ — provided 
only that part were left on which M rests, — without 
at all affecting the circumstances of the equilibrium 
or the pressure. These, manifestly, only concern 
themselves with that portion of the plane on which 
the body is actually resting. Imagine, then, that, 
in the preceding figure, these two portions of the 
plane, A M and B M, are twisted round so as to 
convert the base B C into a circle, and make the 
two points B and C to meet; 
/P« 51. the pUine will then assume the 

form represented in the accom- 
panying figure^ and the circum- 
stances under which it exerts 
its pressure upon the mass M 
will be precisely those of the 
thread of a screw. 
The thread of a screw is, in point of fact, the 
surface of an inclined plane wound round, a cylin- 
<)er. It is pressed against the resisting mass M. 
vhich it is intended to move, by the leverage of a 
fcrevHirivery a winch^ or an arm, which, giving to the 
screw a tendency to turn upon its axis, communi- 
cates to its surface a pressure P, which is parallel 
to its base, and therefore perpendicular to the back 
of the inclined plane, from the curving of which it 
luay be supposed to result. The resistance Q per- 
pendicular to the base of the plane, or parallel to 
the axis of the screw, is supplied by the resistance 
of the mass on which the extremity of that axis 
o S 
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turns. If this reaiatance be not sufBcient to snppk 
the requisite force to move the mass M» tbeti iJim 
point of the mass on which the extremity of the 
axis turns fields t and the acrew enters into the mass. 
Of this kind are the screws used bj caxp enters, and 
tooh, such as gimblets and augurs, whtch make their 
way into timber by meana of the screws at their ei* 
trcmitiea. In all these, it is necessary that the depth 
of their thread, and the distance of their conse- 
cutive threads, should be enough to cause the iibre 
of the woodj which represents the mass M, to oppose 
such a resistance as shall not be overcome, before 
the mass on which the extremity of the axis of the 
screw turns yields. Such screws should, therefore, 
have deep and distant threads. 

The use of the common carpenter s screw ia, 
commonly^ to oppose itself to any force which may 
tend to tear asunder the pieces of timber which it 
screws together. To this tendency the adhesion of 
the fibres of the wood, which it receives between 
its threads, and the strength or tenacity of the 
screw itself, oppose themselves* If either of theae 
fail, the attachment is broken^-^in the first case by 
the tearing out of the screw, in the other by the 
tearing of it asunder^ 

Now it is evident that the greatest economy of the 
material of the screw will be attained j when these two 
liabilities to failure are just alike, so that the screw 
is exactly upon the point of being torn asunder 
w'hcii it is on the point of being torn out i for 
any strength beyond this will not prevent rupture, 
nor have any tendency to prevent it, or to increase 
the strength* Screws are now commonly madt 
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wilh reference to this proportion. With t^qutre 
threads, the inclination of the thread is ahom 7°, 
tuid with angular threads about S^°. The depth of 
the thread is usually mad«^ equal to about haif the 
dtBtaoce be twee u two threads.* 



•178. The Wedge, 



I^Tbe wedge Is a double moveable inellned plane, 
presenting two faces to two resistances to be over- 
jSff. 52. come* In the aceompauying figure, the 
points Q and Q', are supposed to be the re- 
si sting pointa upon the wedge represented 
in it ; and P is the direction of the force 
acting upon the back of the wedge, to 
driv^e it ; and may be supposed to include 
the weight of the wedge. These three 
forces are in equilibriura. Moreover when 
the force P is on the point of driving 
the wedge, ao that the points Q and Q' of 
it are on the point of e^lipping upon the 
resifititjf^ surface*, then the resistance^} at those 
points, have their directions accurately tn the sur* 
faces of the eones of resistance there. These di- 
rections Qn and Q*n are therefore known. If 
therefore the force P be known, the amounts of the 
resistances may be determined by the principle of 
the parallelogram of forces. And conversely, if 
the mnounts of the resLstance Q and Q' be know»» 

* For Mr more complete diicmnon of the theory of tbe serein, 
Hv fcflder b referred to the " Muchsmc^ applied to the Art4," 
p. 99. 

o 4 
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the araouiit of the force P necessary to ovet comS 
them, will be known. 

By applying the principle of the parallelogram 
of forces to this case^ it will become evidentj that 
the sum of the forces Q and Q' is always essentially 
greater than P j and that in the case in which the 
angle QnQ' \s greater than a right angle^ en4^h of 
these forces by which the wedge acts, from its two 
sides^ upon the two resistancesj is greater than the 
force P, by which it is impelled. This case ocean* 
when the vertical angle of the cone of rewistancet 
and the vertical angle of the wedge j are together 
less than a right angle. 

The great practical advantage! in the use of 
the wedge, are, however, these, that it admits of 
beiug driven by impactt and that when its vertical 
angle i* smalt enough, it rektins every new positiofli 
between the resisting surfacesj into which it i^ 
driven. 

It is especialVy the first of these properties vfhk^ 
gives to the wedge its marvellous power. It will ^^ 
shown in a subsequent part of this work, that n^jf 
force of impact is infinitely great, as compared witli 
an^ force o£ pressure^ Now the resistances of the 
surfaces Q and Q' are of the nature of forces of 
pressure^ they necessarily therefore yield to any 
force of impact communicated to the wedge ; ana 
it is a second and scarcely a less useful property tff 
the wedge J that every such yielding and separation 
of the surfaces between which it acts^ it takes ad* 
vantage of, and renders permanent 



i 




1179* The circumstances hndeb which a 
Wedge will not bb forced back by thb 

^TENDENCY OF THE SURFACEii BETWEEN WHICH 
It IB DRIVEN TO COLLAPSE, 

Suppose the wedge to be in contact with the 
surfaces between which it ie driven^ at a great 
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number of points. Let P and P' 
be the preasnrea with which two 
of those points similarly situated, 
on its opposite faces, tend to col- 
lapse, and to drive back the wedge, 
The pressure P^ being propagated 
through the mass of the wedge, 
will press the opposite face A B 
upon the surface with which it in 
in contact at Q ; and the pressure 
P', the face AC upon Q'. If, then, the directions 
PQ and P'Q^ be without the suriaces of the cones 
of resistance at those points, the wedge will be 
driven back ; if they be tmt/iut the cones of resi st- 
ance, the forces PQ and P'Q" will be wholly sus- 
tained by the resistances at Q and Q^, and the 
vedge will retain ,its position. The tendency of 
each surface to collapse being supposed to be 
exerted in a direction perpendicithr to that surface, 
BO that the forces P and P' are respectively per- 
pendicular to the faces A C and A B of the wedge*! 

* It will be observed that the wedge being no longer su[^ 
^QGic^ to be on the point of being dri^ien either way, the forces 
F &nd F^ have no longer their directions necessarily upon th# 
ntrfactt of the cones of resktau^c. 
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it may easily be shown (see Mech. app. to the AHii 
p. 55,) that the directions of PQ and P'Q' wili b« 
within the conea of resktance, and that these foirB 
wiU not therefore expel the wedge, provided its ver* 
tical angle A be less than the limiting angle ofrmst* 
anc€y or less than half the vertical angle of the cm^ 
of resistance. 

A wedge will be of little or no use unless H be 
made, subjeet to this law. Thus, for instance^ 
adopting the experiments of Mr. Rennie (wMch 
those of M. Morin do not however sanctioR), it 
appears that a wedge of oak to be driven into oalt^ 
and to keep any position into which it is driteni 
should not have a vertical angle of more than S*'* 
Adopting, however^ the experimenta of M. Morifli 
we may assign to it a vertical angle of 51^, Iti* 
greatly to be regretted that no experiments havft 
been made, in this country, on a sufficiently eiten*^ 
sive scale, or with sufficient precautions for accu^' 
racy, to enable us to pronounce on these opposite 
results. 

*180- Nails, 

When the angle of a wedge is equal to Its limit- 
ing angle of resistance, in respect to the surfaced j 
I between which it is driven, the tendency of the^J 
flurfaces to collapse will be upon the point ol 
expelling it; when it is less than this limiting an gle, 
the application of a certain force will become 
necessary to expel it, it must be drawn ba<^k Th€ 
directions of PQ and P^Q' being within the cone« 
of resistance at Q aod Qf, a force must act upwardi 
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at A; or, which ia the same thing, it must be 
applied to draw up the back of the wedge C B, so 
fts, combining with the pressures P and P', to give 
them a more oblique direction at Q and Q'", and 
briDg them there without the conea of resistance. 

The smalier is the angle A of the wedge, the 
further will the directions of P and F be wiihm 
the cones of resistance; and the greater will be 
tbe force requisite to bring them mithcut the 
coaes^ and to extract the wedge. Of this clas# 
of wedges, with exceedingly small veilical angles, 
are NailSp 

A table will be found in the appendix containing 
the fesuUs of experiments, nmde by Mr* Be van, on 
llie forces neceaaary to extract naila of different 
^izea, driven into different substances* It is evident 
that the length of the nail will greatly increase the 
force necessary to extract it, increasing rapidly the 
number of points P, by which it sustains the pressure 
tif the surfaces into which it is driveni 

Nails, as well as screws, are made with the 
latest economy of their mate rial , when they are 
omde of such a thiciiness, that the force necessary 
to imr them asunder is exactly equal to that ne^ 
cmary to draw them. Any addiiional thickness 
T^oaJd CTidently have no effect in preventing the 
i^ptration of the pieces of wood which they fix 
together^ and would therefore be useless. 
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181. The circumstances under which av 
Edifice of uncemented Stones is oveb- 

THROWN. 

All edifice built up with uncemented stones may 
fall, either by the turning of some of its stones 
on the edges of one another, or by their slipping 
upon one another. 

These two cases are represented in the accom- 
panying cuts. In the first, an arch is seen to be 

Jig 54. Jig. 55, 




falling by the turning of its voussoirs or arch-stones 
at the crown, upon the upper edges of one anothefj 
and of those at the haunches, upon their lower edges* 
In the second figure, an arch falls by the sliding of 
the arch-stones near the abutment downwards, and 
by the sliding of those near the crown upwards* 

The last case is of rare occurrence ; such is, for 
the most part, the friction of the surfaces of the 
stones used in construction, that their sUpping upon 
one another is a contingency against which fewi >f 
any, precautions need be taken.* 

It is by the turning of certain of its component 
masses upon the edges of others, that an edifice for 

* The question ot the slipping of the Toussoin upon oM 
another, was a few years ago considered to invidve tk§ wkm 
question of the stability of the arch. 
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Bost part Bhows symptoms of failure. An ex- 
pie presents itself in the dome of St Peter'a at 
me. The walls of that mighty structure have 
many places yielded under the outward thrust 
ieh they have to bear. Numerous cracks are 
i'ent in them, and they have espedaUy opened 
j^. 56. <>D the outside^ about the 

haunches V V, and on the 
inside, about the spring tng 
D D of the dome. To coun- 
teract this tendency of the 
walls to turn at the haunches 
on their inierfutit and at the 
base on their external edges. 
Vanvitelli caused^ in the year 
174^iiniinense girdles of iron 
to be placed round the 
nches of the dome at V V ; to which othersj of 
It strength, have since been added. It is by a 
ilar contrivance that Sir Christopher Wren has 
■ethened the dome of St. Paul s. 
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L The CoKDrTioKS of the EgmLtBRiUM or 
AN Edifice of ukcembnted Stokes- 



the extreme stone A D, of an edifice of un^ 
leDted stones he supposed, as in the accompanying 
ire, to have, impressed upon it, any given force 
Besides this force P, the stone is acted upon by 
mtf^ which may be supposed to be collected in its 
Se of gravity Let the remliaM (art. 138.), 
hese two forces be imagined to be taken. This 
t will represent the whoie force by which the. 
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first stone i& pressed apon the second. If this result* 
ant have its directtoii anywhere within the edges, <d 
Jlff^ 57* the joint or surface of coot&c^t, of the firsl 
g stone with the aeeond, the one will rtH 
upon the other ; if not, it will turn over 
upon it Let It be supposed to rest upon 
it, and let us proceed to consider the cod- 
ditions of the equilibrium of the Recootf 
stone > This second stone nmy be con- 1 
sidered to have its "l^P^'' surface &ttsA 
upon by the resultant force just spoken 
of, and this to be the only force pressing 
it downwards, besides its own weight 
collected io its centre of gravity, If'th^^ 
B, second resultant be taken, being that of two forc^^ 
of which the Jirst resultant is one, and the wdgfr*^ 
of the second stone the other, then this second r^^" 
sultan t will be that force by which the second stoc» ^ 
may be supposed to be pressed upon the third. ^^^ 
its direction lie within the edges of the joint of d:»^ 
second and third stoneSj the second will rest upo*^ 
the third ; if not, the superstructure will turn uf»^ 
the third stone. Similarly, if a third resultatU b^ 
imagined to be taken, being that of two foreesi o^ 
which one is the second resultant and the other tli^ 
weight of the third stone, then this third resultant 
will be that force by which the third stone is pre^ 
upon the fourth ; and the conditions of the equi- 
librium of this third stoue ai-e, tliat this resultant 
shall have its direction within the edges of thejoini 
of the third and fourth stones ; and so ob oV tb» 
rest 
Thus then the greai canditicm, that tlw structure 
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not be overthrowD by the turning over of anj 

le of its stones upon the edge of the subjacent 

ne, is included in this — that none of the re* 

Uants spoken of above, shall have its direction 

lyond the edges of the surface^ by wlilch the 

ne, to which it corresponds^ touches the Bub- 

at stone. Now Let us suppose that the ititer- 

^Uom of all these Tesultanta, with the planes of 

joints of the successive stones, are^ by some 

mathematical investigation^ ^ozi^ ; and let a line be 

iiiiagined to be drawn, passing through all these 

•points of intcTsection. That hue is called the 

xmE or RESISTANCE. It is a curved line, whose 

wm may be completely determined in every case, 

'f lie methods of analysis-* 

If this curve, so determined^ be found to have 

'** direction anywhere beyond the joints of the 

^ttineg, that is, if at any of those joints the curve 

t*^^ea wiihuui the mass of the stone, the edifice 

^i]i, at that joint, be overthrown. If the curve 

^o where lie without the mass of the edifice, it will 

**o where he overthrown by the turning of its stones- 

Tlmi none of ihem may slip^ or that the second 

*^ndition may be satisfied, it is further necessary, 

^^lat none of the resultants spoken of in the com- 

**lencement of the article, should have its direction 

^ithoui the ccne of resistaace of its correspondiiig 



* For thc^ analytical discusjiQii of this curvei and of all the 
cts stated in thb and IhB following articles, the reader is rc* 
f«fred to a pap^r by the author^ in the third volume of the 
'* Camhridgi* PliUosophical Transactions," part S. i und to a 
ft i^eond, in the djtth f olume^ part 3. The theory stated above 
waA ^r the first time given in ths former of ihs^ v^^^^ 
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joint. These two conditions include all that is re* 
quired to the equilibrium. 

* 183. The Line of Resistance in a Fisiu 

In an upright pier or wall, the line of resistance 
is the geometrical curve called the hyperbola.* 
The position and magnitude of this hyperbola nay. 
readily be determined by the following construe* 
tion. Resolve the force P (see the last figure), whieh 
acts upon the summit of tlie pier, into two oth^ 
by the method explained in article 139» one of 
which two is in a vertical^ and the other in a hori^ 
zontal, direction. 

Calculate the height of a mass, which being of 
the same substance, and the same thickness as the 
pier, shall have a weight equal to the vertical force 
of these two, and let this height be A T. Calculate, 
in like manner, the height of a mass whose weight 
shall equal the horizontal force, and let this height 
be A S. t Take B, the centre of the width of the 
pier, and set off 6 K, equal to A S. Draw then 
the vertical K C. C will be the centre of the 
hyperbola, and the vertical C K £ will be its as^n^ 
tote. Now the curve of an hyperbola always q^- 
proaches^ but never toucheSy its asymptote. The 
curve of resistance always then approaches, bat 
never touches, the line C £ ; and if this line lie, as 
in the figure, within the mass of the sphere, then 
the line of resistance, never passing the line C Ei 

* Memoir on theory of equilibrium of bodies in eoDtaet» 
" Cambridge Philosophical Transactions, voL vi part 8. 

t The dotted lines in the figure represent the two inuiginsry 
masses here spoken of. 



Ttl£ PIBB* 



irer cut the outward surface of the pier; and 
pr iail it may be, the pier cau never be over- 
i by the action of this force. Moreover 
(Lis is a remarkable feature of the theory), the 
III bear this instistent pressure P, wherever, 
^ it is applied parallel to its present direction ; 
titbn of the centre of the hyperbola C, not 
Changed by any alteration in the point of ap- 
|D of that pressure^ but only in its niagnrtude. 



The grbatest Height to which a Piek 



[ BE BUlItTj SO AS TO SUSTAIN A GIVEN 

psuaE UPON ITS Summit. 

I. S be greater than half the width of the 
It if K lie beyond I>j then there will be 
point in the outward surface or extrados of 
iTj where the line of resistance will cut it ; 
fere will J therefore, be a certain height beyond 
|the pier cannot be carried, without being 
10 wn. This height is thus readily determined, 
]B be^ as before, the point where the insistent 
pressure intersects the summit of the 
pier, and let A S, and A T, and B K, 
be taken as before ; join U K, and 
through P draw P Zj parallel to U K. 
Z will be the point where the line of 
resistance cuts the extrados, and will 
indicate the greatest height to which 
the pier can be carried, without being 
overthrown ; or, if it be carried higherj 
then is this the point to which an in- 
cUned buttress should be built to sup- 
port it. 
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185. The straight Abch, or Plats Bahdr | 

If stonea be placed side by sidej horizontaUy, and 
supported at their extremities, m in the accooa* 
/^. 5a panying figure^ tbey eon- 

stitute a straight anh Hf 
plate haiide* If such A 
structure be supposed to 
rest by its inferior angle 
V A, at either extremity f 
T^agatnst an imnLOveable 
abutment, the following construction vrill determine 
the direction and amount of its pressure upon 
that abuttnenL Divide its length into two equil 
parts in I, and divide ID again inta two equal 
parts in Lj join A to L; AL will be the dim^ 
iion of the pressure. Take DF equal to AL; the 
imaginary mass DC^ shown by the dotted Xxsm 
having the same Tuddth and thickness with the 
straight arch J and half the length, and being of the 
same material, will tben have its weight es^adlj 
equal to the amount of the whole pressure A upon 
the abutment If DE be taken equal to PL» 
the weight of the mass DH will equal the Aoti- 
zonicd portion of the force A^ or the outw&^ 
thrust-* 

♦ For the analytical formulce on which this. conttfUCttS''r 
mnd Uiat in the tteKt article, are grounded, tlie reader » in- 
ferred to the paper on the equilibrium of bodies m 
before alluded Cc 



THE ARCK. 
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To FIND THE GREATEST HeIGHT OF THE 
lERS, OF A GIVEN WjDTH, WHICH WILL SUP- 
:>RT A STRAiaHT ArCH OF OIV£N DIMENSIONS, 

et A I B be the straight arch to be supported, 
A K the given width of the piers* 
^ivide . A B into two equal parts in C ; upon 
» j^. ea AC describe a semicircle, 

Pf^ { I I I I [ I and measure ofT A D equal 

to A K, BO as to cut the 
circumference of this semi- 
circle in D : produce AD, 
and let it intersect the 
vertical line through C in 
£ : measure off E F equal 
to A I, and A G equaJ to 
A B : join D F, and dmw 
G H parallel to D F ; then 
r will be the extreme height of the pier. Being 
ay less beight^ it will stand firmly ; being of any 
ter. It will be overthrown. 

§•187. The Arch. 
most useful and the most interesting appH- 
►n of the theory of the line of resistance, is that 
h may be made of it, to the conditions of the 
Librium of the arch. Any detailed discussion 
subject of so much difficulty, ia, liowerer, be- 
l the scope of this treatise-* It may, however, 

The readier h referred to the author's memoir iu the Gam- 
i FbiliKophical Tninaaetioos, vaL vi, part 3. ;, and to hit 
ntaiy treatise on ** Mecbamcs applied to the Arts,'^ artiel« 
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be stated as a general condition of the line of 
Bbtan&e in the arch, that it tauch^s the ini 

or inner surface of the arch, on both sides at il 
huunches ; and that afterwards at lower poiots it 
cuts the ej-tradost or outer surface of the arch, \( 
some resistance, of an abutment or pier, be not op- 
posed at this last point to the pressure, the whnle 
of which acts there, the arch will be overthrown 
If it be supported there by a pier, the liae 4 
resistance passes into the pier, and assumes a net 
character and direction ; that direction having ft 
general tendency towards the back or outer sur^ 
of the pier< If by reason of the comparati 
small height of the pier, the line of resistance 
not any where reach the back of the pier, but inW- 
BaclB its base, then the pier will stand. If on ^^\ 
contrary the height be, as in the accompanying 
figure, so great, as to cauae ih^f 
line of resistance to cut the hack of 
the pier at some point above il* 
base, then the pier will be ont' 
thrown, and the arcb will fall< 
When the arch falls » the lioe of 
resiatance is made to cni the in- 
trados at the points m m in ^ 
haunches, where before it iottchd 
it These points are called th6 
points of rupture^ The line of re- 
sistance, thus cutting the intradoa of the arch at 
m> OT, the direction of the whole pressure is made, ftt 
those points, to act beyond the joints of the stooes 
there ; so that it causes the stones there to turn upon 
Iheir iotoer edgesj opening at their upper edges in 




THl ARCH, ' ^IS 

fe extrados at ji and ?^ Besides touching the in- 

ios at the haunches m m, it ia another general 

cteristic of the line of resistance, in the state 

ike equilibrium of the arch, that it touches the 

ados over the crown at N, and that when the 

fch \^ falling i it is made to cut the extrados there ; 

that the pressure, there also, acting beyond the 



Qints of the stone, causes them to turn, but in this 

Km their stiperioT, instead of their inferior 

dges* The arch then opens at the crown, at its 

atrados in M ; and thus it falls, separating* itself 

ato four distinct parts* These are the general 

soaditions under which an areh may be understood 

) fall J by the too great height, or insufficient weight 

>f its piers, in respect to the load it bears on its 

owa^ There is yet; however, another condition 

vhich nmy bring about its overthrow- It may ba 

) overloaded about its haunches as entirely to alter 

he direction of its line of resistance ; to Jiaiteu this 

line at the top and give it two elbows on either side 

af the crown ; so as to cause it to cut the iniradoi 

Instead of the emtrados at the crown, and the mtrados 

two points, a short distance on either side of the 

brown ; the points where it touches the in trades, being 

by this process thrown much lower down upon the 

rch. 

The arch will in this case fail, as shown in the 

p 3 
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Becompanying figure, hj the rising of its crow^i i 
i^e falling in of its aides. The gr^it art of 



buiMtng eoDi^ists in so loading the arch as to secun 
it against either of these contingencies* It ia one \ 
the most important and the most difficult probk 
of practical mechanics* 

*188. The Settlement of the Arch* 
Whilst the stones of an arch are being pla 
together, they are supported upon a frame of woi34| 
whose upper surface is of the exact form of the 
arch to be constructed. This frame, called a ceutn^l 
is supported upon wedges, and it is not nutil itil 
removalj by the knocking away of these wedges,] 
that the arch stones are allowed to bear upon tmX 
another. This process of removing the ceutre ill 
called striking it. From a very early period in I 
arch building, it was observed that» after the striking | 
of the centre^ when the whole pressure of theaic^i 
was, for the first, thrown upon the stones which com- 
pose it} certain motions took place among thetn^ 
To ascertain what these motions were, at the bridge 
of Nogent sur Seine, Perronet caused three straiglii ] 
lines to be cut in the stones, upon the face of tb^i 
arch, before the striking of the centre, one hori'J 
zontally above the crown j and two others, e^usJlf I 
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cUned to it, on either side, begianiiig from the 
f &butiueDts. These lines are repreaented by the 
I strai^hi lines in the accompanying figure. After 

m 



tie striking of the centres they altered their forms, 
ad became the curved lines which are seen cross- 
ig the others. 
The curvature of these lines plainly shows, that, 
ter the striking of the centres^ the arch stones 
30 ve the crown, and from the crown for some dis- 
Ifice towards the haunchesj descended ; but that 
^ond a certain point in the haunches, and from 
bence to the abutments, they ascended-, These 
^ints where the pressure of the arch changes from f 
pressure dotDmcards, in respect to the faces of ^ 
tie voussoirs, to a pressure upwards^ correspond to 
lie points of rupture spoken of in a preceding 
btiele. ~ 



189* Pulleys, 

The accompanying cut represents the different 
■ys terns of puUeys which are commonly used. The 
[luiley may be described as a circle of wood or iron, 
[loveable round an aids which passes through the 
entre of the circle, and having a groove in its cir- 
cumference or edge, round which is wound the 
striug whose tension it is the use of the pulley to 
r 4 




I 

^^ figures), and fixing itself upon it by friction, bO 

^M that it cannot be moved without turning the pulley^ 

^V it iji evident that its effect^ upon each side oi 

^H the pulley, must be the same as though it were 

^^ actually fastened to its circumference at the points 

^H where it leaves it. Nowj these points are equidistant 

^H from the axis of the pulley, and that forces, appii^» 

^B at equal perpendicular diHaTtces from an axis, idbJF 
^M ' balance one another about it, it is manifestly d^ 

^H cessary(bytheprincipleoftheequalityof moments )) 

^H that they should be equal. Thus then it appears 

^^H that the two weights which balance themselves on 
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equaL* When the two equal weighti P thus ba- 
lance them&elv^s on this pulley, which is called the 
fissed pudey, it is evident that the hook from which 
it 19 suapended, mus^t sustain a pressure equal to 
2 P, together with the weight of the pulley itself. 

The secojid system shown in the figure, ii com- 
posed of two pulleys, one of which ia fixed and the 
other moveable, and this last supports from its centre, 
the weight to be raised. The same string parses round 
both pulley fl» and supports the power P. By the 
same re^oning as in the last ca.se, it appears that this 
string must, on both sides of both pulleys, sustain 
a tension equal to P, so that at the point where, 
ukimately, one extremity h faistened to the beam, a 
force P, would hold it. Thus it is clear, that the 
inoveahle pulley and its appended weight are sup- 
ported, on either side, by a force equal to P: now 
these together^ will just support a weight equal 
to 2 P* Thus, then, in this sy&tem, called that of 
the single moveable pulley, a power can be made 
to support a weight which, including the moveable 
pulley, is equal to twice that power; or a given 
weight can be raised by the effort of a force equi- 
valent to but little more than half that w^eight. 

In the third system, called the Spanish Barton, 
there are two moveable pulleys, and one fixed. 
There are moreover two strings^ one of which carries 
tlie power, and passing round that moveable pulley 
which carries the weight, is ultimately attached to 



* Hie cd«c(B of the iriction on the aide, and the rigidity of 
the oord, aj^e not here considered. TTiese, howerer, greatlj 
i^uence the result m practice. 



Sid 




ILLUSTRATIONS OF MECHAKfCS. 



the beam* The other string suspends the twp 

moveable pulleys^ passing over the fixed one* The 
first string, having the power P suspended from it, 
aets exactly as in the 1bs( deseribed system of the 
single moveable pulley, and thus it s us tains » of the 
weight to be raisedj a portion equal to 2 P. But 
this string-f passing over tJie first moveable pulley, 
produces a tension in the string which suspends 
that pulley, equal to twice its own amount, or 
to 2 P, and thb tension is ultimately applied to the 
last pulley^, supporting an additional portion of tlie 
weight equal to 2F, Thus on the whole, in tkis 
system, a given power will support four times its 
weight, or a given weight may be raised by a power 
equal to a little more than one fourth that weight. 

I [I the fourth system there are as many differept 
strings as moveable piilleysi The first, having a 
weight F suspended from it, produces a tension of 
2 P on the second string, w^hich holds down the first 
moveable pulley* A tension of 2 F thus being pro- 
duced upon the second strings this going round tb€ 
second moveable pulley, draws it upwards with & 
force equal to 4 P, and produces a tension of tbal 
amount in the third string ; this third string, in liie 
manner, drawing up the third pulley with a force 
equal to 8 P, produces that tension in the fourtb 
string, so thatf ultimately, tiie last pulley and weight, 
are supported by a force equal to 16 F- Or, by this 
system, a given weight could be raised by a little 
more than one sixteenth of that weight* Had there 
been a fifth moveable pulley, but one thirty-second 
of its amount would have been required to raise 




be weight. If tbare had been six, but one &ixty« 
fourth- 

In the Jifth ?yateni there are aa many strings aa 
pulleys. The iirst string, carrying the power P, 
Auppor^s a portion of the weight equal to P, and 
produces e tension in the second string equal to 2 P. 
This second string supports, by this tension^ a portion 
of the weight equal to 2 P, and produces a tension 
in the third striTig equal to ^ P* The tension of 4r P^ 
in the third strings cAuises that string to support a 
portion of the weight equal to 4 P, and to produce 
in the fourth string a tension equal to S P ; this last 
tension J again, supportia a portion of the weighty 
equal to 8 P, Thus, then, the four strings support 
portions of the weighty respectively equal to P, 2 P, 
4 P, 8 P ; and thus, together, they support a weight 
equal to 15 P. Had there been a fifth pulley in the 
system J it would have supported an additional portion 
of the weight, equal to 16 P ; and the whole weight 
supported would have been 31 P, 

In the dxth and last system, the same string passes 
round all the pulleys, and its tension is the same 
throughoiit. Thus the weight is borne by six dis- 
tinct and equal tensions, which together will bear a 
pressure equal to six times any one of them ; so that 
by this system a given power will support and raise 
nearly six times its weight. Had there been another 
pulley in each block, the weight raised would have 
been eight times the power. 

■f This last system, although each additional pulley 

^oes not give, in it, the same additional amount of 

power as in the others, is yet much more convenient 
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in practice. In the other systems, whilst they raise 
the weight a given height, the pulleys move through 
different distances, and unless the strings be very 
long and the pulleys very wide apart at first, they 
soon become encumbered with one another. In the 
last system, the pulleys approach one another only 
by as much as the weight is raised* 




TKX FOROE OF MOTION ^ — ITS PEEAfANEKCE TB£ MRA' 

SUHE OP IT — THE POINT WHERE IT MAY BM SUP- 
POfiED TO BE OOliLECTED. UOTIOMS OF TRAKSLA- 

»T10K AND ROTATION, INDHPeNJJENT* THE CINTRE 
OF GYRATION. THE CENTRE OP SPONTANEOUS 

B<)rATlON, THE CENTttK OF FEROUBSION. TOE 

PRJNOIPAL AXES OF MOTATION THB >ORCE OP A 

»BODV*S MOTION IS NEVER a£N£RATED OR DESTROYED 
INSTANTANEOUSLY* ACCELKBATING FORCE* GRA- 
TtTATION. CAVENDISH *E EXPEBtMENTB, DESGEKT 
OP A BOD IT FREEI.Y BY GRAVITY. ATWOOd's MA- 
CHINE. DESCENT OF A BODY UPON AN INCLINIll> 

PLANE AND UPON A CURVE* THE CYCLOLDAL PEN^- 

RULUIT, ^^ — THE SIMPIjE PENDULUBt* ^ THR CENTRR 
DP OSCILLATION, ICATEK's PENUULUBI, — ^TBE COU- 

^yM^8ATI0N PENDULUM. 
0. 

The force, of which we trace the existenee id the 
material subitances around us, is presented under a 
variety of different forms and different ekcuui- 
stances 

Thus we find it in the descent of all bodies to- 
wards the centre of the earth — it is then called 
GRAAaxY; we discover it a pervading principle 

the material world, under another form, and 



Certain Laws common to the Operation 
OF ALL Forces, 



in the m 
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caU it BLECTRiciTY ; — related to this is force 
iiDder yet another fomij which we call MACfJirTi^M; 
and there are forces of Adhermit^ey of Atiractumf 

iind Repulsion^ between tlie material particles of 
which all bodies are made up, which are known 
under the names of CAFiLLAEtir attraction, co* 
HEsioN, and chemical affinity* 

Whether the forces which we thus distiriguish, by 
reason of certain differences in the manner and cir- 
cumstances of their action, be or be not, different 
modes of actioTi of the same principle of force, 
whether they be of the same faniilyt or flow from 
the game fountain or source^ we know not* This, 
however, we certainly know, that there are laws 
of force which are common to alL 

The development of these laws, as they regard 
the equitihrium of bodies, constitutes tlie science of 
STATICS ; as it regards their motion, it is the science 
of DYNAMICS* We have now then to inquire what 
are the laws which govern the motions of material 

» bodies, and what relation exists between these 
the FORCES in which they originate. 

191. Momentum, or the Forge op Motio 

It is a matter of continual observation thui 
moving body becomes, i>^ reason of its motion^ 
pable of communicating motion to another body, 
of destroying motion in that body^ 

Now that which cattses or destroys motion is (by 
onr definition, page 122.) force. 

A body, in the act of changing its place^ p 
■esses therefore & principle offorce^ co-existent with 
its motion, and dependant upon it. It is a fo 
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wholly diatinct and different Trom the force of prea- 
Bure, which belongs to the state of the body 'a rest* 
Thus, for instancf?, the force with which a stone, 
falling to the ground, strikes it, is wholly distinct 
and different from that with which, resting upon 
the ground, it presseij it ; the one has wholly ceased, 
and has been destroyed, before the other begins 
to operate. 

The force which thus exists in every moving body^ 
which co-existA with ita motion, and is dependant 
for its existence upon its motion, is called its force 
OF HOTioKj or, more frequently, its bi omentum. 

192. The Fouck of a Body's Motiok is pre- 

I CrSELY EQUIVALENT TO THE FORCE EXFEKDE& 

^ IN PRODUCING JT- 

^P This force of the body's motion ift a result of the 
^^foree which first gave it motion — an effect of that 
cause — and the effect and cause are equivalent — 
' the force of motion in the body, and the force ex- 
pended in producing it, are equal things. It is as 
though a transfer of the principle of force were 
made from the moving thing into the thing moved : 
thus, for instance, if a hall be put in motion by the 
recoil of a spring, the force with which the spring 
recoib is not lost, it is but tTattsfcrred to the ball ; 
and the ball is then ready to bring precisely the 
garae quantity of force into operation on any other 
object which it encounters, as the t^pring did on it. 
So, too, if the ball were put in motion by the hand, 
the force expended in the production of its motion 
will not be lost ; it will only be transferred from tlie 
band to the ball^ and the ball will be ready to re^ 
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prodttee the v^haleofUj and to cause it to operate on 
the first obstacle which it encounters* 

It is^ of courses here supposed that there is m 
opposition to the free motion of the baU arising from 
tlie resistance of the air, friction, gravity, or aoj 
other of the causes which interfere with the motioitf 
of bodies on the earth^s surface. 

If there be such causes of retardation, thetr op€^ 
atioa will continually destroy a portion of tkt 
force of motion in the ball, which was, nevertheless, 
originully^ precisely equal to the force expended tu 
putting it in motion. 

Thus, a billiard baO continually loses a portioaof 
the force with which it was originally e truck ^l*y 
reason of the friction of the baize, and the resist- 
ance of the air which, to move, it must conlmuaUj' 
displace; and^bythis continual deMruction of its force 
of motion^ it may eventually be deprived of th^ 
whole of it» in which case it is said (improperly) to 
rest of itself. The same is true of a It&wtf whict 
continually loses the force of its ntotion as it rolli 
over the turf; and of a cannon ball^ which, by rea^ 
son of the resistance of the air, and frequent im- 
|»act8, perhaps, on the ground^ loses continually the 
force of its motion, until it becomes, at length, what 
is called a ^ent ball In all the^sc cajjes, at the 
commencement of its motiouj before any opposing 
causes came into operation, the force of the body's 
motion w^as precisely equal to that expended in pro- 
ducing it; and it would have been found the longer 
to retain it, as these causes were inoi:e and more 
completely removed. Thus a smooth baU, rolled 
over the grass, soon stops ; rolled over the cloth of 
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billiard table, its moliont and force of motion, are 
Dger continued ; on a smooth planks or iron plate^ 
!t longer; on a levd sheet of ice it sufTers but 
ttle retardation ; and, if the surface of the ice be 
cmtinuoua, and perfectly smooth , and no wind op- 
oie the motion of the ball, it will lose very littie 
f its force of motion for a great distance* Thus 
hen we see, that, as the causes of the destruction of 
L body s motion, and force of motion, are more and 
iKwe taken away» these approach more to the con- 
litidD of permanence ; and from this we conclude, 
bat if they were completely remoTed, that condition 
^f permanence would h^abmlutdtf aitaintd; so that 
f diere were no Cfmses of reiardaiion external to 
TSELF, a bodys motion and force of motion would 
mtinuefor ever; hence thefoUowing law* 

93, Theei is ko Principle of Dimikution or 
Decay in tkh nature of Motion itself^ 

OR IN THE NATURE OF THE FoRCE OP A 
MOVING BODY** 

Thta principle \s commonly known as the fihst 

UW OF MOTIOH* 

The difficulty of conceiving or admitting it, Kes 
n this, that we observe all those forces of motion 
ffiich are produced around us, continually to di^ 
mhh) and eventually to become esciinctf as it 
ppflara to ua, of themselves- Our own bodies 
^hen we have moved them^ do not of t/teni^ehes 
love on ; fresh efforts must be continually made : 
nr carriages require tjie continual draught of the 
imeSf and even if we put them on a smooth road 
Utt body is here supposed not to be endued with vital power* 
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of iron, there !» required a /orce eontinnalij V> 
impel them : we move a stone with our foot, and 
but a few steps further on we find it at resL It ii 
a most wise provision of Providence by whieli tl« 
natural tendency of all these forces to permaneucSt 
13 thus continually de&troyedi. Without it the w^M 
would scarcely be. habitable* Were there no/ftfi- 
iion to check the superfliious force which we giveta 
our bodies at every step, our state of existeuw 
would become one of incessant and involuotaJl 
motion ; every thing we touched would, froB 
that instant, become an ever-moving body ; every 
thing not rooted in the earth, would be a sport of 
the winds, and men would soon desert the laud, to 
dwell on the sea, as the more stable element. Coiild 
we diminish the resistance of FnicTio>r and tbe 
AiE to €mif ayneeivabie ex^nt, and if it were fomid 
that, as we diminished these, the motion of a moTiog 
body approached continuaUi/ to a state of per- 
manence, so that, by thus diminishing the cauiM 
of retardation, we could make the motion to differ 
from a permanent motion, by as little as we cfaoe^ 
this first law of motion would be completely prored. 
For if there were any sensible diminution of tbe 
force communicated to the mass, arising from ft 
failure in its own energies, and independent of tlift 
resistances opposed to it, then that diminution woul^ 
be apparent and sensible when the resistances wert 
so far diminished as to be in^sen^sihle. 

Unfortunately, however, we cannot diminish thi 
resistances of friction and the air beyond certait 
limits* As an absolute demonstraiion, this Tnetho< 
therefore ^ai/^. Neverthelessj the fact that, dirai 
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nishiDg tlie resistances to motioD as far cts we cun^ we 
find it coil ti II ti ally appro xiri»a ting to a sitate of per- 
manence, renders it in a high degree probable, that, 
if we could carry this diminution on indefinitely^ mo- 
tion would approach indefinitely to a state of perraa* 
meiice, and that if these rejsistonces could be abso- 
lutely fk'stroffcdj it would become permanent. 

,194, Illustrations of the Permanence of 
communicated motion- 

!t is in the case of a revolving body that we can 
It effect u^iUy diminish these resistances to mo- 
hy causing it to be supported and to turn on 
very small surface, as compared with the di- 
isions of the body itself; as for instance, a large 
d round a slender aj^le, or a large spinning-top 
a. fine point, by which contrivance the resislatice 
^ friction is made to act at a great mechanical dis- 
advantage, as compared with the force of the body's 
rtJiation 1 and we may, further, remove the resistance 
of the air, almost to any degree we choose, by 
placing the revolving body under the receiver of an 
air-pump. 

Now, if we thus remove the air from the receiver 
of an air-pump, and then, without re -admitting it» 
by some mechanical contrivance, put rapidly in 
motion under the receiver, a large wheel with an es- 
eeedingly small axis, or, better, a large spinmng-top 
with a fine hard point ; we shall find that motion, 
which would, under other circumstances^ soon cease, 
lasting, apparendy unaltered, for hours. And a pen- 
dulum, delicately suspended on knife edges, and 
having thus yet greatly^ less friction to contend mtVt 
Q 2 
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than either the axis of a wheel or the point of a top^ 
when once a, motipn hafi been given to it, ^ill retiifl 
the force of timt niotion, and continue to oscillate 
with it for more than a day. Mr. Roberts of Mao- 
Chester, is said to hav© constructed a body whlcli 
ii of such a form and bo truly balanced upou a hi 
point, that, having put it in motion round tbt 
point, it would not lo&e the force o*^ its motion, but 
continue to spin with it for 4:3 minutes. These are 
all proofs of a tendency to the permanence of mo* 
tion, and tlic force of motion which accompani^ it* 
when causes of retardation from without are mof* 
or less removed ; that is, of its tendency to aljsalut* 
permanence, bo far as any cause within imlf^ 
concerned. It does not die or diminish of itseiji 
there is within it no principle of death or decaf,— 
to cease, it must be operated upon by causes tf*' 
temal to itself- The proofs hitherto given sIio*» 
however^ only the probability of this truth, ltJ» 
probable that, since when we continually diminisli 
the external causes of a body's retardation, ita mo- 
tion approaches to a state of permanence, if ** 
were completely to take away those causes of re^ 
tardation, that permanence of motion would be 
completely attained. But we cannot take awaf 
these causes of retardation — we cannot completelj 
take away friction and the resistance of the air J 
we can therefore only speak of what would pro- 
bably happen if these were completely removed* 

To complete the proof, we must look out fbt 
some case of motion, in which there is no frictioni 
and no resistance of the air. Such a motion wi 
cannot find on or near the earth's surface, but wt 
do find it in the heavens. 



05. TttK Permanence of the Forces oi 
Rotation op the Planets, and of their 

TANGBKTIAL FoRCES OF MoTION* 

Ijpie PLANETS all roll in their orbiU round the 

BUN, and their satellites each round its primary 
plmet, without triLtion, and unopposed by tbe re- 
natance oP any fluid atmosphere; and the motion 
fint coram utiica ted to them, the velocity of their 
Irst projection, re/iiainst in accordance with the 
flist law of nature, unabated^ permanent, from year 
la year^ from century to century* It has remained 
the aame from die period when they first went forth 
JQto space, at the mandate of God, to fulfil the da* 
i%ns of his providence, and it will remain the same 
^til time 13 swallowed up and lost in eCeruityi 
Tliat force by reason of which each planet moves 
Dot directly totoard^ the sun which attracts it, but 
always nearly at right angles to that direction, is a 
fame the principle of which resides within the pla- 
Det itself: there is no external force to draw it from 
the path which it has a continual tendency to take 
towards the sun. The force, whatever it is, which 
produces this effect, does not emanate from wkhouU 
but from within the planet itself; it is the farve of 
ik motion. 

Were it not, theui in its own nature permanent^ 
but such^ that although unopposed, it would yet 
gradually, of itself, lose its original vigour and 
eaergy, then this force of motion in the planets, be- 
comiog from year to year gradually less, would 
aually be more and more controlJed by the 
Q 3 
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attraciive power of tlxe sud, so that, from year to 
year, their orbits would aUer their forms, becomifig 
continually ellipses more elongated^ until at length 
the defie Cling furce of motion in each planet being 
extinct, each elliptic orbit would rest>lve itself id to i 
straight liiie^ and each planet fall directly to^arardi 
the central siiri< 

Now the very contrary of all this we know^^ by 
direct observation, to be the real state of tlibg^. 
There is no elongation of the orbit of any plaoet 
arising from any such cause- There is no alter- 
ation whatever in the orbits of any of the plaoetSr 
except a slight one afising out of the influence 
of their mutual attractions ; an alteration which d 
necessity returns perpetually in a cycle, and whicln 
far from indicating an ultimate destruction of lii& 
[axiatiDg system, supplies the most striking evideiKic 
of Its permanence. 

Thb is not, however, the only proof of the fir^ 
law of motion which astronomy offers to us. I" 
the system of the satellites of Jupiter, for instiuce, 
the astronomer beholds a beautiful epitome and 
model, of the great system of the universe. To tils' 
believe the revolutions of those satellites, he must 
disbelieve the direct evidence of his senses : and be 
finds their revolutions from mouth to month j and 
year to year, to be same, and the same as they wtre 
observed by other astronomers to be, two centuries 
ago ; the effect of the primseval impulse, in which 
^hc motion of each had its origin, remains theu ia 
it unabated — unaltered from the b^ginniogp The 
earth, too, rotates daily upon its axis by reason 
of a ^rst mpuhe^ given w^hen the foundations of 
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le UDiverae were laid, and not since renewedi No 
&Dd is now upon it; no cause note operates to 
am it ; it turns of iVse^l with ita own innate force 
-the force given to it when it first came into the 
ixisting state of its being, the force of its madoD. 
i question then arises — ^Does the effect of that 
mpnlse, the force of that original motion, remain 
mahaied^ unimpttired^ to this day^ or does it not ? 
We haye before us the evidence of 2000 years, 
and we thus know with certainty that the earth 
turns upon its axis tiow precisely in the same time 
that it did then : not the slightest appreciable frac- 
doD of the original force of its motion has in the 
iatef vening period disappeared. But this is^ not all. 
On this principle of the permanence of commu- 
nicated force are grounded all the calculations of 
physical astronomy: these apply to all the pheno- 
mena of the heavens \ they enter, for instance, 
laigely into the calculation of eclipses, into those 
Oalctilations of the positions of the moon in refer^ 
eoce to certain of the fixed stars by which the 
savlgator determines his longitude, and guides the 
^JOtiPse of his ship ; and into an infinite variety of 
Others which are every day submitted to the test of 
ofaservationi and every day verified* Were motion 
not governed by this law^ every one of these caleu- 
iations would be fake* That they are true is in 
itself, therefore^ a sufficient proof of it* Such is the 
^r^ evidence of the permanenee of unopposed 
force of motion. 

The hidirect manifestation of the existence of 
tba same principle in the things around us, is not 
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iLHISTRATtONS OF THE PERMANENCE Of 
THE FOKCE OF MOTION. 

Ther^ is scarcely any case of motion ia wMch it 
( annot ea&ily be traced. The flying of the dtist 
out of a carpet on one side, which is struck oa the 
other, is but an effect of the force of motion com- 
municated to the dust, in common with the carpet, 
by the blow, and an indication of its tendeaey tc 
permanence. 

When a man rides in a carriage or on horseback, 
with his motion, a force, of motion is impresitrf 
upon him, which he does not indeed perceive^ as 
long a3 his carriage or his horse moves with him; 
but which, if they be suddenly stopped^ may throw 
him from his seat. 

If he stands upright in a boat^ els it approacii£i 
the shore, however slowly it may be movingi he 
will be in great danger of falling af it auddtolj 
ffr&undf because the motion which he before pft^ 
took of, in common with the boat, has a teodeacy 
to permanence. 

When a man jumps fhom a cahriage in ino- 
iiou, unless, in the act of reaching the groundi he 
commence runnings with a velocity at least equal ta 
that of the carriage, he will certainly fall ; for the 
force with which he was moving, in common with 
the carriage, will remain in the upper part of 
his body, whilst in his feet it wiO be arrested by 
contact with the ground- 
It is by reason of this tendency to permanence 
in the force of communicated motion, that a race 
HORSE, whatever efforts he makes to stop hlmselft 
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cannot be brought up, until he ha& long passed tfie 
^oal ; that a man leafs farthest when he runs to 
make his leap ; and that in a ship which striker 
when under sail, upon a rockj every thing is dashed 
forwards. 



197* Of the Force of Motion which tends 

TO OVERTHROW A MOVING BODY, THE EFFECT 
OF THAT WILL BE THE GREATEST, WHICH EXISTS 
IK THE HIGHEST PORTIONS OF IT- 



Becauae^ there, the force acts with the greatest 

icTerage, or at the greatest distance from the point or 

«dge about which the whole is to be made to turn, in 

the act of being overthrown ; and for this reason it is^ 

that a tall person won id be much more liable to 

► fall* by reason of such a shock, than a short one ; 

^Wius also J when a vessel strikes on a rock, a high 

^Biast is more likely to go by the board, than a short 

^Kne — supposing iis strength to be only the same, 

^^t is not uncommon for vessels thus striking to lose 

all their masts at once. It is for a similar reason, 

that a man, jumping from a carriage in motion* is 

in great danger of falling, the force of the motion, 

existing alike in all parts of his bodyj is suddenly 

arrested in his feet^ whilst it carries forw^ard the 

upper portion of his body, and with it his centre 

of gravity, beyond the limits of its natural pedestal ; 

^jJl that he can do to avoid this, is to run in the 

^Bireetion in which his body is thus carried forwards, 

^To as to bring his feet beneath it ; otherwise it will 

leave them beliind. 
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198. Driving on the Head of a Tool* 
Another illustratioii of the permanence of the 
force of motion may be found in that very common 
expedient of practical mechanics, by which, T^hen 
they require the iron portion of one of their tools 
to fix itself into or upon the wooden parts of it, 
they put both in inotion^ and suddenly stop that part 
into or ivpoti which the other is to be driven^ TbuSi 
to drive the liead of & hammer firmly upon its 
handle, they place it loosely upon it, then strike 
the end of the handle upon the benchj arrfsting 
suddenly its motion by the intervention of th* 
bench, by which means the force of motion la Lbe 
iron head is made to take effect upon the handle, 
and the two are fixed together. The same expe- 
dient serves to drive a chisel into its handle; th* 
handle is suddenly stopped, and by its acquired 
force of motion, the iron of the chisel drives itK^^' 
into it. 

199, The breaking op Bodies by Impact^ 

The force of motion eitists in everr/ particle of ^ 
moving body whence, when snch a body is to t^ 
brought absolotfely to rest, the force of mutifJ^^ 
must be destroyed in every particle of it* 

Now If a moving body be thus brought to rf«t 
by encountering an immoveable obstacle, the motion 
and force of motion in tliose parts of it immedi" 
ately in contact with the obstacle will be destroyed 
a£ once,^ 

' This expression is used telativel j- j it Trill he shown herp- 
after that fiirce of motion can n^ver be destroyed td once, aecord- 
ing to the accurate meaaing of that tenn* 
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TLe parts of the body immediately behind thera 
retaining, however, the force of t/ieir motio^j will 
[press directly on the iirst — those behind these, on 
them ; and so of the rest, until the niomeiitiim of 
each, iu succeasion, b destroyed by the resistance 
of those before it<* 

Of the parts which do not lie immediately be- 
libd the point or points of impact, each would, of 
necessity, at the instant of impact, separate itself 
from the rest by reason of iU own proper force of 
ttiotion, and move onwards, ai do the particles of 
a mass of" water dashed against an obstacle^ were it 
Dot for that force, common to all solid bodies, which 
13 called cohesion. If, moreover, the momentum of 
Wy one part of the solid be such, as the cohesion 
£)f that part to the rest is not sufficient to counter- 
act, that part will separate from the rest, and a 
piece is then said to break out of It. 

Sometimes the pressure which the destruction of 
tbe force of motion, in some interior portion of the 
iHMiy, produces in this way, overcomes the cohesion^ 
and destroys the internal structure of that portion 
of tbe body, without affecting its extertml form and 
appearance* Thus, a stone after ii has been se- 
reral times struck against another, although there 

* This entrfc dejrtroction of the motion will not in r«slit j ob- 
tiin until after several oscillations of each particle for a certain 
distance on eifeber aide of \U ultimate position of rest, to which 
it will cotitinualLy be brought back by the elasticity of the mass, 
sod <;amcd through it by its acquired momentum; this last 
beaming, however, at every oscillatixin less, it will eventually 
i^st It L-s from th^e oscillations of the particleii of bodies about 
their ultimate po&ltlons of equilibrium^ that certain bodies 
becoiite lonorous wben struck. 
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be DO external appearance of injury, wiU af^rwfirds 
yield to a blow which would not before have 
broken it. 

SOO. A Jae of the Body^ 

The sudden distraction of motion in the hu 
body J ii attended by effects analogoui to theae* 
Thus, a person walkiug carelessly, if he meet witJi 
some unevennes^ of the surface^ and his heel come 
first in contact with the ground, will experience a 
very painful sensation of the kind called a jar; 
which is, in point of fact, but the indication his 
whole nervous system gives, of an unnatural pressure 
of the different solid portions of bis body upon 
cine another ; resulting from a sudden destruction of 
the force of motion, tirst in his heel, theiii by 
pressure upon that, in the bones of his leg, then in 
the successive vertebrae of his back, and lastly in 
his head — each of these having in succession iU 
proper force of motion destroyed, by pressure upon 
that below it in the series. Of the same nature is 
the shock which a man feels whose seat is sudden] J 
taken from under him, and it is thus that a man is 
stunned or perhaps crushed to pieces, who falls 
upon his legs from a great height, 

201. The Phenomena which attend the 

SUDDEN. PeODUCTION OP MoTIQN, ARE ANA- 
XOGOUS TO THOSE OF THE SUDDEN DeSTRUCTIOH 
01 IT- 

Thusj if a man be standing upright in a boat* 
which U suddenly pushed off from the shore, he 
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ill probably fall, in tht direction from which the 
boat is mQvin>g» 

And the reason is this : — When the boat first 
moves, a certain force of motion is communicated 
to his feet which arc in contact with it, and cannot 
slip along it, whilst no such force exists in, or is 
propagated to, the upper portions of his body-* 
Thus, then, his legs will be carried forwards by this 
force of motion, whibt his body retains its position, 
until by this relative displacement, the centre of 
gravity of the body is brought beyond the base of 
the feet, and he falls* 

It is in the same way^ that a sharp blow on a 
man s feet will strike them from under him ; they 
receiving a motion in which the upper portion of 
hia body docs not partake* 

Analogous to the process by which a body is 
broken in pieces when it is made to Impinge upon 
an immoveable obstacle, is that by which it is 
broken J when, being itself immoveable, another body 
is made to impingB upon it These are all instances 
of the permunenee of the fore a of motion, once 
communicated to a body, except it be counteracted 
by the operation of some force from withouL 

Examples like these might readily be multiplied ; 
no person, however, will be disposed to doubt the 
tendency of communicated motion, and the force of 
communicated motion to permanence, who has en- 
deavoured to stop himself when running, or seen a 

* Sin.ee be stands upright the force of motion in a horizontal 
direction could not propagate iUielf to the upper portion of his 
hody without propidgattng itself iu a direction at right angle! 
to thBt in which it ^ts, wbiefa is meohatiically impouihk. 
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Ta€€-horse pulled up at the goal, or a skater bj 
trusting to the mere impulse of a communicated 
motion^ glide rapid iy over fifty or sixtj^ yards of 
the surface of the ice, or a loaded carriagt di- 
scejid a hiiit and by the mere tendency to per- 
manence of the force of motion communicated to 
it in its descent, ascend a considerable distance np 
the next hill^ with scarcely any traction of tie 
horses ; or who has seen a pmdtditm, by the mere 
tendency to permanence of the force of motion 
which it acquires in the descending arc of its os- 
cillation, complete its ascending are against ihe force 
of gravity ; which arc it does not terminate until! 
by the continual operation of that force of gravitji 
its force of motion is entirely destroyed, and it i^ 
backj to re-acquire it in a second descent* 



202. The Hammer, 

The principle of the permanence qf the force of 
communicated motion, so far as any cause within the 
moving body itself is concerned — that is of its ab- 
solute permanence, except in so far as it is couDte^ 
acted by some external and opposite force — whikt 
it lies at the very foundation of all just views of tbe 
^or^f is sufficiently shown, by the above examplesi 
to be a most important element in the praciice of 
mechanics* What Is it, in fact, but this which con- 
stitutes the giant force of impact, and makes tbc 
HAMMER a weapon more powerful than anyotber-- 
irresistible — in moulding and submitting the varioiiU 
objects around him to the uses and purposes of maiK 
There is no machine comparable to the hammtf* 
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tke force of h^at^ indeed j insinuates itself between 
he pores and interstices of bodies, and Qperatirtg 
here^ separately, upon their partlcteSj breaks them 
ip in detail — but the hammer encounters the oe- 
mmulated force of their cohesion and overcomes it. 
The hardest rocks and the most unyielding metals 
[ubnitt to it. If man reigns over inanimate matter, 
thapes out the face of tlie earth to his use or to his 
liumour^ and puts the impress of his sktH and hia 
kbour upon the whole face of nature ; it is chiefly 
irith the aid which this mighty force of impact gives 
him- It b this that clears away for him the trees 
of the forest-^ that shapes for him the materials of 
bis dwelling — that beats out for him the instrumenta 
sf tillage— that digs and hoes up the earth, — that 
ifter having cut for him his corn, t/treshes it, and 
rushes it into flouri — that tames for him his cattle^ 
ihapes and binds together his waggons and carts, 
ind makes his roads; in short there is no use of 
toeiety for which this force of impact does not 
labour, and there is no operation of it which does 
not manifest this tendency of communicated force 
jf motion to permanence^ 

Were there no tendency to permanence ia the 
force of motion which his hammer acquires in its 
Jescent, its power on the substance which the arti- 
Icer seeks to shape out, would only be the same as 
though he were to lay it gently down upon it ; its 
Impact would be no greater force than ih^ pressure 
of its weight* So far is this?, however, from being 
the case, that, as it is well known to the workmanj a 
ilight blow fron» the lightest hammer is sufficient to 
tbrade a surface, which the direct pressure of a ton 
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weight would not make to yield* There it no fone 
in nature comparable to that of impact. 

203. If the Causes which tend to destroy 
THE Force op a Body's Motion be continu- 
ally counteracted as it moves on, thek 
it will move uniformly. 

Thus, if the friction which would otherwise gndft" 
ally destroy the motion of a carriage, be continuiUy ' 
neutralised, by the traction of the horses, it will roll 
on uniformly.. The friction of* the road would not 
instantly^ and at once, destroy the force with whicb 
the carriage moved, if left to itself, but by little and 
little. This friction is, therefore, at any instant, few 
than the force of the carriage's motion, and to 07e^ 
come it, requires less effort of the horses, than to 
communicate, at first, its motion to the carriage. 
It is the permanence of this originally communi- 
cative force of motion which causes the carriage to 
move on, although the horses, at every instant) 
exert a much less force than that necessary to 
move it from rest. 

204?. The Tendency of the Force of MotioK 
to Permaijence is a Tendency to Perma- 
nence in that particular direction in 
which the body moves, or in which the 
force acts. 

Thus, if a man run rapidly, and, without at 
all abating his speed, so as to diminish the actual 
force of his motion, attempt to alter suddenly the 
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On in whicli be tud% he will find that he hat 
Biderable force to resist and destroy before he 
e this — a foree tending to carry him straighi 
^ds in the path in which he was before moving 
i the force which he thug has to counteract, 
ill find to be greater or kss^ as liis^ turn ifl 
for less abrupt^ and the previous force of his 
i greater or less. If he wish to turn directly at 
ingles to his former path, he will find that he 
destroy absolutely alt the force of his previous 
n — an effort which is therefore precisely the 
M though he were brought to a complete 
rtill ; ail d if he has to proceed with the same 
in his new pathj he w ill have to reproduce 
all this force of motion in that path. 
In the same manner, if his new path 
\ be in any way backwards, or making 
TL an angle less than a right angle, with 
J the path in which he has been run- 
ning, — as, for instance^ if it be repre- 
by B P, in the figure, A B being hia previoue 
ion, then, as before, all the foree of his motion 
J must be destroyed, and reproduced in B P ; 
point of fact, the quantity of force which he 
lestroy to take up a new direction is the same, 
rer that direction may be, provided that it 
thin the right angle ABC; bebg the whole 
of the motion in A B. 
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205. Illustrations of the Tsmdsmct of lb* 

TION to PeRMANBNCB, IN RB8PXCT TO ITS Dl' 

RECTION. 

a 

A man whose horse starts when he b ridiBg 
rapidly, falls over his head, because his moda 
tends to permanence, in the direction in which h 
was moving. A shrapnel shell, when it hwa^ 
although, if it were at rest, it would scatter lie 
bullets with which it is filled in all directions, being 
in motion, gives to each a force of motion, whiA 
operating conjointly with, and modifying the forceii 
whose tendency is to disperse them, throws them 
all more or less forwards. 

Coursing derives all its interest from tbe 
doubling of the hare, which finds a protection from 
the greater swiftness of the greyhound, in contina- 
ally changing the direction of its motion — a change 
which the latter is less able to make, by reason of 
his greater weight and greater swiftness producing 
a greater force of motion, and the greater length of 
his legs rendering him the less able to check it 
Independent of these causes^ the principle furnishes, 
moreover, a protection to the pursued from the 
pursuer. The former may thus be made always to 
pass the point where the latter turns to him, unex- 
pectedly. 

206. The Measure of Momentum, or the 

Force of Motion. 

Force being that which produces motion in a 
body, it b easy to conceive that that force most 



THE MEASURB OF MOMENTUM* 

[hie<t which produces twice the motion in that 
lody^ that iriplet which produces three tiroes the 
notiofi) that quiidrtiple, which produces ybitr time* 
tlie motion t and so on ; — in short, that the force 
which produces motion in the body must be exactly 
proportional to the motion wliich that body receives. 
l^ow this force produeing the motion^ has beeti 
shown to be exactly equal to the force which the 
bcKiy receivmt mth its motion, and which accom- 
panies it *, the force, in te.ct, of its motion, or its 
m&menium. The force of a body's motiorif or its 
momentum h then doubled when the body *s velocity 
ii doubled, tripled when its velocity is tripled^ &c,; 
and by however mauy times you increase its velo^ 
dty, or by however many times you make it less 
than it was, by so many times exactly do you in- 
crease or make less its momenium. 

Thus, in the smiie body, or in equal bodies, the 
momentum is proportional to the velocity. But 
how shall we compare the momenta of unequal 
bodies? Let the force of gravity be imagined to 
be eitinguished, and let it be conceived that I have 
the power of propelling a number of equal balls 
with the same forces^ so that they shall have exactly 
the same velocities* Let thetn all be propelled at 
the same instant, from different points, but in 
parallel directions, so as to form a flight of balls, 
■U directed one way. 

It is evident that these balls^ all moving parallel 

• It i9> in fttct, as thougli n transfer of the forcu took pkov 
ftom the Eaoving body to the body jcnortd ; as thuugh it were 
feurad mto it Hh« w«tBr from Qua vase iiito atLOthex, 
R 2 
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to one another, with the same velocity^ and towartil 
one direction, will retain exactly the same relaiire 
distances ; each ball will remain always at the same 
diatauce IVom the neighbouring balb, not at ill 
altering its position amongst them as they aO 
move forward together ; so that if it be concei^d 
that I could throw over these balla some hiddeo 
spell or power of resistancej which^ without adding 
to their mass, should bind tliem altogether: if, for 
instancej i could freeze them into one contiouou^ 
mass ; then in the act of thus uniting them^ 
they had before no tendeiicy to separate, I &h 
not add to, or take away from, the foree with which 
any one of them was moving ; and the aggregate 
force of their motion in this united state would k 
the same as it was in their separate and divM 
»tate< 

But what was this aggregaU of their forces cf 
motion, when they moved separately ? 

Their masses were all equal, and all moved with 
the same velocity ; they moved, therefore, each witli 
the same force of motion j and the aggregate of 
tlieir force of motion was as many times the fore* 
of motion of oue, as there were bodies. The aggre- 
gate of their forces of motion now thtd tJtetf aft 
unitedf is therefore as many times the foree of 
motion of one of the component bodies of tlic 
mass, as there are such bodies. Thus, if there wert 
twice the number of the same component bodies b 
the mass, or if it were of twice the size, then would 
the aggregate force of motion in it be twice what 
it was before ; if it were three times the size, its 
force of motion would be thrice, and so on. 
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Dhusi then, if there be two masses, one of wliich 
itains double the quantity of matter that the 
er does J and th*?y both move with the same 
tHsity, then the one will have double the force of 
tion of the other ; if the one ha^e triple the 
98 of the otherj it will have triple tlie force of 
tion, and so on> 

Dn the whole, then, it appears that when egtml 
lies move with different velocities, their forces of 
ition are proportional to their velocities ,* and that 
ieh unequal bodies move with the same veloeity, 
ar forces of motion are proportional to their 
mes. From this it follows, bj a well known 
mcipJe of proportion, that when the masses of 
I bodiesj and their velocities, are both unequal, 
?ir forces of motion are proportional to the pro- 
ets of their masses by their velocities* Thusj if 
ire be two bodies, one of whose masses is rep re- 
ited by the number 12, and the other by the 
Efiber B, and the first have a velocity of S feet* 
p second, and the other a velocity of 9 feet, 
m the force of motion in the lir^t would be to 
.t in the second as 12 multiplied by 3, to S mnl- 
lied by 9, or as 36 to 72. So that the lesser body 
reason of its greater velocity, would have no 
I than twice the force of motion that the greater 
, or move with twice the force that it does. 
e mass of a body is proportional to its weigki ^ 
% then, the force of its motion is proportional to 
weight, muUiplied by its velocity * Thus, if 
re be a cannon baU of 20 lbs. weight, which flies 
1 a velocity of 1200* feet per second, and a 

The velocity of a cannon ball when it leaves Uie mouth a£ 
E 3 
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ship of 100 ions weight, which moTes throu 
water at the rate 6|^ feet ppr mmute, it maj 
be calculated that the fonre of motioD in th 
moving thus so slowly that iU motion 
seareeiy be perceptible, would yet a little fiwf 
equal the force of motion in the cannon bal 
flying with ite swiftest motion, and bearing ' 
its most destructive force. The velocity of tl 
16 72,000 feet per minute, and its weight 
20 lbs. its force of motion is represented t 
number 134^4*0,000, The velocity of the ship 
feet per minute, and its weight being 224,0( 
its force of motion is 1^456,000. 

Great force of motion may be thrown i 
smail body or a iarffe one ; in the former c 
wdl give great velocity, in the latter, Utile vel 
Conversely t if ^reat velocity be thrown into a 
body, although small itself j it will have greai 
of motion ; and if small velocity be given to a 
body, notwithstanding the small uesa of the v& 
the force of tiie motion will be very great 

This fact of the dependance of the force 
body's motion, partly upon the velocity w^ith ' 
it moves, and partly upon its weight, is one of ' 
almost every case of motion presents an illustr 
A LAAGE SHIP moving so slowly that it can &ci 
be seen to move, yet by the great amount ? 
motion distributed through its great mass, ci 
to pieces any obstacle that intervenes betwi 



the cannoTii varies from IGOO to 2000 fi?et per second, J 
by the resistance of the air about SOO feet m the firat IS 





the shore, A cannon ball of comparatiTelf 
11 dimeiisjons, by reason of the great velocity 
iof its motioiij bears with it a force whieh^ after 
struggling in a fierce and unceasing contest with 
the air in its path, and again and again striking and 
'rebounding from the surface of the earth or the 
•Trater over which it flies> hurls destruction on some 
spot which may be milei distant from the caonon's 
imoutb. 

• If a hUmf were struck by a sledge hammer ot) & 
THIN PLATE laid OB a man's chest, the force of 
juotion trans ter red to the plate wouldj by reason of 
its small weight, give it a great velocity, and it 
would probably be driven into the man's body. But 
*if the same hlow had been struck on an anvil 
laid in like manner upon his chett, it would scarcely 
have been felt, for the same force of motion diluted 
over the great mass of the anvil, would produce in 
I it a velocity aa greatly less thau that in the plate, as 
ifcs weight was greater. Whilst force of motion 
may thus be so diluted, by diffusing it through a large 
body, as to produce no sensible effect, it may on the 
contrary be so condensed in a small body as to 
ae irresistibla in its acttoa. 
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SO7. A Plate of soft Irosc may be mai>Ej by 
TffB Force op its Motion, to cut through 

THE HARDEST STEELi 

PPU a circular plate of soft iron be made to revolve 

Trnth great rapidity, the force of motion m each 

particle ou its circumference will become so great, 

that if a piece of liard steel ^ — a steel ^^ for instance 

R 4 
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i— ^be Jield against it, the particles of this Bard cohe^ 
sive substance will be driven away bj those of the 
ioft iron, and it will be cut through as by a knife, 

206, The Art of the Lapidary, 

The lapidar)', by means of a crank, moved bj hia 
foot like a lathe, causes a horizontal rod or tool, 
with a small circular disc or button ofsofl iron atita 
extremity, to revolve rapidly round i£js axis. Od thif 
soft iron disc, thus revolving, a mixture offine emeri/ 
and water, and in a certain stage of the engraviogi 
diamond d u st is c on ti n u al ly dro pping* Th e fine angu- 
lar particles of this powder fixing themselves iu th& 
interstices, it would seem, of the iron* are Bwept 
round by it with great velocity and driven against 
the surface of the stone ^vhich is to be cngravedj and 
which is held against the tool by the lapidarj^ It i» 
thus cut with ease and engraved. 

209* When a Body's Motiok is arrested ths 
WHOLE Force with which it Movm u madi 

TO ACT UPON THE OBSTACLE, 

Thus the effect, to crush an obstacle, is propor- 
tionate to the force pf motion in the moving body* 
A heai^i/ sMpt although it moves but slowly, wouM 
break down an obstacle, against which a h^at might 
dash with violence without injuring it. On the 
other band, a heavy mass of some cw^ta, may be 
ilowly allowed to descend upon the surface of a 
table without indenting it^ whilst the blow of ever 
so slight a hammer would be sufficient to ahradt 
an equal surface to that on which the other rests. 
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210« The Impact of Bodies. 



body, 



t'ith 



certaiii force of 
motioD inpinges ypon another at restj but free to 
move, it ttwfufers to it a portion of its own force of 
motion ; so that in the two together there u afienvards 
US. much of t/iiii force as there was before in the one, 
and the farce o? motion thus being, as it werci di- 
luted through a larger mass, the actual motion of 
each body, must be in the same proportioo less. If 
the two bodies after impact move on together ^ so as 
botii to have the same motion or velocity, tlieu the 
force of motion being the same uow in the htJo that 
it was ill the ojie, the product of the velocity now, 
by tho quantity of matter in the two, must equal 
the product of the velocity before by the quantity of 
matter in the one. Thus if the bodies weigh re- 
spectively nine and eleven pounds, and the iirst 
impinge upon the other with a velocity of seven feet 
per second, or with a force of motion represented 
by the number 63; then, after impact, this force of 
motion bemg distributed through the two bodies, 
having together a mass of 20 pounds, the common 
velocity of this mass must be such, that its product 
by ^0 .shall equal 63 ; that is it must be 3^^^ feet per 
second. 

If a body' in motion overtake another, also in 
motion in the same direction, and carry it along 
with it, then the force of motion in the two, after 
impajct, will equal the sum of their two forces of 
motion before impact* Thus, if, in the last example, 
ihe second body had been moiling with a velocity 
pf 5 feet per seeond, so as to liave a force of mo- 






tioD represented by $5t then, before impact, the sua 

of tbe forces of motion of the two wouJd be repre- 
rented by 118; and all this they will have after im- 
pact; only then it wiii be so distribtited that thev 
&hall have a commoti velocity i this eommoti velocity 
must then be such that^ multiptied by the &ujd of 
their weights, or 20 pounds, it may equal US* 
Their common velocity must then be B^^ feet ya 
second. 

If, instead of one of the bodies ofiertaking tb« 
other, they had md:; that which had the least fore* 
of motion would have destroyed the whole force 
of the motion of the other, losing, at the same 
time, itself, as much as it destroyed; io that, on 
the whole, after impact, there would only be, iii 
the twOi a force of motion equal to the diflerenee of 
what was in the two before. Thus, taking the last 
example, and supposing the balls to move in oppo- 
site directions J and to meet ; since before imptoif 
their forces of motion were represented by 63 and 
55, ofterwnTds their remaining force of motion m\l 
be represented by the difiercDce of these numberSt 
or by S- 

This remaining excess of the force of motion ift 
the one body, will carry along with it the otHefi 
distributing itself equally through the two. Thus* 
ihen, tbe two whose united weight is 20 pounds, infl 
after impact move with such a velocity that thek 
force of motion is 8 ; this velocity must then be % 
feet per second,* ^M 

* The whole of tiie oonclusions ut this article depend upon 
the supposition of the entire absence of elasticity in the im> 
pinging body ; the condition of elftiiticity great! j modifies tbem* 
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SIL The Recoil of Fire-Aams. 

Tht elasticity of an elastic fluid, such as the mr 

flf a ga&i exerts itself equally in all direciion^w 

^hu&^ in the discharge of a cariuon, which is but an 

PiTeet of the elasticity of the gas liberated by set- 

^^ fire to the gunpowder, this elasticity is made 

to a.ot equally towards eitlier sidej and towards the 

niii^txle and breech, of the cannon. The cannon 

does not move sideways, although an immense force 

^ thus made to act sideways upon it, because the 

1^9 expanding equally in all directions, acts with 

^ttQ^ expansive forces on its two sides, and ia 

opposite directions, so that these two equal and 

Opposite forces neutralise one another, unless the 

*^trei>gth of the cannon yields to either of them, 

^d it bursts* Tlie two forces acting towards the 

^ides of the cannon being thus iieuiraiised, there 

remain only those which act towards the muzde 

and breech. These two would counteract and ueu* 

tralise one another^ if the mouth of the cannon were 

completely and effectually secured, but it is noii 

the ball and the waddings however firmly driven, 

yield; the expansive forces of the gas towards the 

muzzle and breech do not counteract and neutralise 

one another, as do the other two; both of them 

take effect; and, being equal, they produce an 

equal effect ; the one upon the ball, and the other 

upon tlie cannon. Thus the cannon and the ball 

The subject^ however, tinde^r this form con only be discussed lit 
iheoretieal treatisie^ to which tb« reader is reJ«f red for further 
inlbfxaation. 
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receive from the explosion equal* forces of motion; 
the one backwards, and the other forwards. The 
former is the force of the recoil. 

If the weight of the cannon were only eqiud to 
that of the ball, having the same force of motion, it 
would have the same velocity that the ball has, and 
the two would, in fact, fly, in opposite directions, 
equal distances. But the cannon is greatly heavier 
than the ball ; the same force of motion in it, pro- 
duces, therefore, greatly less velocity, and the less as 
this disproportion is greater. Thus a light gun 
recoils greatly more than a heavy one. The effect 
of the recoil of the guns of a ship of war falls ulti- 
mately on the vessel herself. Thus a broadside 
causes her to heel towards the opposite side, and if 
she is chased, guns fired from her stern will acce* 
lerate her flight 

212. To FIRE FROM SOLID CaNNOK. 

It has been proposed to replace cannon baUs, hf 
pieces of iron with cylindrical apertures cast iH 
I them, and cannons by solid cylinders of iron, on 
which these apertures fit. A cartridge being placed 
in this aperture, and the aperture then fitted on 
the solid cylinder, the cartridge would be fired 
through a touch-hole, and the missile thrown off by 
its recoil. The force of motion produced in this 
missile would certainly be the same as though the 
cartridge were exploded in a cannon, loaded with 
a ball of equal weight The idea is exceedingly 

* The cfurnon is here supposed to run without firiction upoo 
the wheels of its carriage. 
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Ingenioufi, and the method presents advantagea well 
worthj of coasrdemdon. 

113* The Recoil of a Caknon does Kor be- 
come SENSIBLE UNTIL THE BalL HAS LEFT ITS 

Mouth. 

This was first proved iti an experiment made at 
Rouhelle^ in 1667, hj order of the Cardinai de 
Jikkgiieun 

A cannon was fixed in a horizontal position at 
the end of a long vertical shaft or rod, moveable 
freely about an axis, at its other extremity, The 
ball fired from it under these eireumstances struck 
the object towards which h was directed, preciseJy 
as it would hfive done if the cannon had been fixed^ 
1 showing that there was no sensible alteration of its 
L pogition until the ball was discharged from it« 

^^S14. To DETERMINE THE INITIAL VELOCITY OF 

^H A Cannon Ball, 

It is evident thatj by observing the velocity com- 
mimieated to the cannon in the first instant of its 
recoilj the velocity with which the ball leaves it 
may be deternniwed* For the weight of cannon^ 
multiplied by the initial velocity of its recoil, re- 
prt^sents its force of motion when the ball leaves 
it, which is equal to the balf^ force of motion- 
And dividing the ball's force of motion by its 
weight J we evidently get its velocity , This method 
was uged by Mr. Robins^ and the results are given 
in hifl treatise on Gunnery. To determine the 
initial velocity of the reeoil, it is only required to 
ijhserve the height through which the cannon when 
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suspended, as described in the last article, is madB* 
by its discbarge to oscillate. The velocity if M 
which a body would acquire by fsAlrngfreely tbrosgli 
that height, and is therefore easily determinable, tf 
will be shown in a subsequent part of this worL 

215. The Ballistic Pendulum. 

To determine the velocity of a cannon ball dh 
rectlt/y it is /ired into a heavy mass of wood, Ni- 
pended from a long iron bar. The height to which 
this mass is by the blow made to oscillate, is shown 
by an index on a wooden arc, which forms part of 
the apparatus, and determines the velocity with 
which the mass Jirst began to move, when its force 
of motion was equal to that with which the ball 
struck it. From this consideration the latter u 
easily calculated, and the ^rcc of mod&n of the baB 
being thus known, as also its weight, its velocity i« 
at once ascertained by dividing the former of these 
by the latter. There is sometimes used a simple 
contrivance by which the pendulum is made itiel* 
to register the height of its oscillation. 

4 

216. When a Body moves only with a Mo- 
tion OF Translation; that is, when a^^ 
THE Parts of it move with the same V^ 

LOCITY AND IN THE SAME DIRECTION, THE^^ 
IS A CERTAIN PoiNT IN IT, IN WHICH T^ 

WHOLE Force of its Motion may be su?^ 

POSED TO ACT. ThAT PoINT IS THE CeNTR^ 

OF Gravity. 

If all the parts of a body move with the same 
velocity, or if it move only with a motion of trans' 
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i^m and do not rotatej as for instauce, a baU 

^^ieh flies through the air without turning round, 

I or a heavy mass which falb to the earth without 

ff^Tuing upon itseif, ^— its force of motion will be 

tori bu ted through its parts in proportion to their 

^ffhts; for the vebcitit^s of all the parts being the 

^^ie^ it h evident that the quantitiea of the force 

of motto n in the different parts, must be propor- 

hona.1 to these weights. Now, the forcfs of motion 

^re by supposition all parullel to one another, as 

tae ^vreights aret and it has been shown that they 

^f^ ^l[\ propiyrtioHai to the weights; they are there* 

lor^ 3 system of forces distributed through the 

boci^ preciseiy as the weights of its parts are, and 

actmi^g upon it precisely as they do* At whatever 

P^'^^it then a single force w^ould sustain the one 

sfa't^m of forces, it would sustain the other : that 

^^' ^ single force wouiU support all the forces of 

ma^^^ji f^f ^^g parts of the Lody at the same point, 

''^^ re it would support all their ivetght^, or at its 

cen„e3Fe of gravity; and therefore all these forces of 

^^t^ion produce the same effect^ as a sinffle force of 

motion equal to their sum would do, if it were made 

^ ^ct through that point 

The converse of tjie proposition stated 
tk this article is also truej that is, 

** IT THE FORCB OF A BODy's MOTION BE THK 
SAJ*E AS THOUGH IT ALL ACTED THROUGH ITS 
CENTRE OF GRAVITYj THe;n IT WILL MOVE ONLY 
WITH A MOTION OF TRANSLATION, OR IT 
iriLL NOT HOT ATE AS IT MOVES On/' From 

this it follows, that a solid body* descending freely 
and exclusively by the action of gravity, will de- 
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scend with a motioQ of translation odIj^ uid will 
not tura upon itself^ or rotate as it descend a; fof 
the force of such body's motion being the ag- 
gregate of the gravitations of its parts, must «"• 
dently have its direction through the body's c«ntft 
of gravity. Thus too, a body to which Its fore* af 
motion is communicated by an impulse t/trmigh k 
centre of ^ravk^i will move, only with a motional 
translation, and will not rotate. 

217* The Symmetry of Tools. 

It is for the reason assigned in the last artidei 
that tools, especially those of impact j are made ^«t- 
Tuetricaly about a certatii plane passing through those 
points or surfaces by whicli^ and parallel to thedl* 
rection m whicht they act. Thus^ for instancfii ^ 
Qwei acting by its edge, is made symmetrical, abouU 
plane passing through its edge; the handle of a 
chisel is symmetrical, about a plane in like" maimer 
passing through its edge ; the heavy stone-masofl's 
chisel is symmetrical, about the end by which it 
acts ; and a nail about its point. A hammeT ^ 
symmetrical, about a plaue passing through, i^ 
striking surfacej and tJie same is true of a crick^^ 
heiti forge-hamniBr^ a pile-driver^ he. 

None of these tools would strike straight j if i^^ i 
symmetry were not observed, i 

The reason of this is, that the centres of grav^^^ 
of all those bodies (and all others^, are in the** 
planes of symmetry ; their forces of motion pr^ 
ducing the same effects as though they acted onl^ 
in their centres of gravity, produce the same effeis^ 
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though they acted, therefore, exclusively in these 
ines of symmetry ; that is immediately over the 
Uinff or striking point, ot line, or surface of the 
3l. If their centres of gravity were on either 
le of these striking parts of the tools, — that is, 
the planes of symmetry did not go through the 
<iking parts, the force of motion of the tool would 
oduce an e£fect as though it acted on one side or 
her of the striking part It would therefore cfe- 
xt the direction of the blow, and its effect, 

18. If a Body have an Impulse communi- 
cated TO IT WHOSE Direction is not through 
ITS Centre of Gravity, then when moving 
fkeely by reason of this Impulse, its Mo- 
tion WILL PARTLY BE ONE OF TRANSLATION, 
AND PARTLY OF ROTATION, BUT SUBJECT TO 
THIS REMARKABLE Law : " ThAT ITS MoTION 
OfTrANSLATION WILL BE THE SAME AS THOUGH 

THB Impulse had been communicated 

THROUGH ITS CENTRE OF GRAVITY, AND THERE 
HAD THUS BEEN NO ROTATION ; AND ITS MO- 
TION OF Rotation the same, as though 
ITS Centre of Gravity had been fixed, 

AHD IT HAD REVOLVED ROUND IT THUS FIXED, 
80 THAT THERE COULD BE NO TRANSLATION. 

These remarkable properties are proved by 
uudysis, and can only here be enunciated. (See 
Prates Mechanical Philosophy, pp. 458, 459.) The 
foDowing are illustrations of them : — 

Chain Shot. — Two cannon balls fastened to- 
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gether by a strong chain, and fired from tbe 
same cannon, are fbund to constitute a fearfiiny 
destructive missile, sweepng down at once whole 
ranks of men. This is easily explained* The 
impulse which the balls receive on leaving the 
cannon does not, except by a rare accident, pus 
through the common centre of gravity of the 
two balls and the chain; by the property stated 
at the head of this article, two motions are there- 
fore of necessity communicated to the systeoii 
one of rotation about its centre of gravity, and 
the other, of translation; and these do not tfi- 
terfere with one another ; so that the balls fly fo^ 
wards as far as though they did not revolve*; VpA. 
they revolve as they would do if they did not l]f 
forwards. The rotation thus produced in the bfljb 
causes them to recede from one another, by what is 
called centrifugal force, (art. 233.) and distends the 
chain. Thus, as they fly forwards, they sweep con- 
tinually with a rapid revolution over a circle, whose 
diameter is equal to the length of the chain, in* 
creased by the diameters of the two shot ; and over 
the whole of this space they carry destruction witl* 
them. 

Double headed shot, instead of being joined by ^ 
chain, are connected by a strong iron bar. The 
theory of their motion is the same. These have 
now, we believe, superseded chain shot. 

* The effect of the reastance of the air is not here tdsen 
into account. 



i 



TAT ION AND TRAKSLATION OF THE EAATH* 259 



^19* The double Motiok of the Rotation 

»AND Translation op the Earth* 
Every analogy of nature points to an ecmnon^ of 
crtative power. Reasoning, there fore, on the two 
motions^ of rotation and translation, whicli we find 
in the eaTth's mass, and of which the origin is to 
be traced to the period when it first moved through 
space, in tiie path in which it now moves, and God 
^^ divided the day from the night ;' we must come , 
to the conclusion that the mighty et^ent of this 
epochj was the result of a single impulse — of thai 
single impulse which having its direction, fiot through 
the centre of gravity of the earthy would have been 
^yffkitnt to produce the amotint of these two rao- 
tioDs of rotation and traoslatioa which we find the 
earth to have. 

The distance from its centrcj where this single 

impulse mu3t have been commimicatedj has been 

^Iculated by John Bemouilli- S opposing the earth's 

oiass to be homogeneoui^j he finds it to be 165th part 

^^ the radius, or about 24 J miles frooi its centre* 

Siiailat calculations applied to the other planets, 

^^'^>for the distances from tlieir centres, at which the 

**^gle forces which have given them their existing 

'^^tions of rotation and translation must have been 

struck — for Mars ^^^ths of his radius, for Jupiter 

Atlis, for the Moon -rJ^tha. 
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220. To CAUSE A Ball to move forwards i 
CERTAIN Distance upon a horizontal Plake 

AND then, although IT MEETS WITH VC 

Obstacle, to roll backwards. 

This remarkable e£fect will be produced, if the 
ball, lying on a perfectly horizontal table over 
which a cloth is tightly stretched, be struck down* 
wards, not through its centre, but on that side oi 
it which is from the direction in which the ball u 
first to move. To explain this, let it be obsened 
that the ball in being thus struck, not through it^ 
centre of gravity, but on one side of it, receive 
two motions, (art. 218.), one of rotation, and the othei 
of translation, the latter being the result of the dis- 
placement of the ball sideways, by the descent of th( 
hand, and the former the direct effect of the im- 
pulse — moreover that the direction of the bodies 
rotation, is the opposite of that which it woult 
have, if it rolled in the direction in which it « 
actually transferred by its motion of translation, ^ 
that it in fact slides forwards, rotating as though i 
would roll back. To both these motions, of slidioi 
and rotation, the friction of the table opposes itseli 
and whichever of the two is destroyed by it firsi 
will leave the other to take effect alone* Now» • 
is pretty evident, that since the rotation is the eff^i 
of the direct blow, whilst the translation is oD^ 
that of the. indirect displacement : the force of t^ 
former must, if the blow be properly struck, 1 
much greater than the latter; so that the bod^ 
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rce of translation will be destroyed by the friction 
ich sooner than its force of rotation is destroyed. 
The ball's motion of translation, or sliding motion, 
iing thus destroyed, and its force of rotation re- 
aining, whose direction is backwards, it will evi. 
ently roll back. ' 

221. The Radius op Gyration. 

When the motions of all the parts of a body are 
not eqtial and parallel^ the resultant of all their 
Forces of motion passes no longer through the body's 
centre of gravity. If the motion be round a fixed 
axis, so that all these parts describe circles about 
that axis, their velocities, and therefore their several 
forces of motion, will be proportional to their seve- 
ral distances from it. All these forces of motion 
will produce the same dynamical effect as would be 
produced if the whole weight of the body were col- 
lected in a certain point, whose distance from the 
axis is called the radius of gyration, 

W 9k straight line be made to revolve about its 
centre, its radius of gyration is equal to half its 
length, divided by the square root of 3. 

If a cylinder be put in motion about its axis, its 
radius of gyration will equal its radius, divided by 
the square root of 2. 

}S. ^ drcvlar plate be put in motion round one of 
its diameters, its radius of gyra1;ion will equal one- 
half the radius of the circle. 

If a sphere be put ,in motion about one of its 
tang^ts, its radius of gyration will equal its radius 
multiplied by the square root of the fraction |. 
s S 
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222. The Force of a Body's Motion DBF£in>- 
iNG UPON ITS Velocity, it is evident that 
WHEN the Body is made to revolve a 
certain Number of Times in a Minuti» 
round a fixed Axis, its Force of Motion 
will be greater, as it revolves at a 
greater Distance from the Axis, or is 
connected with it by means of a lonobb 
Arm. 

If, for instance, an axis be revolving a certain 
number of times per minute, and two equal balls be 
connected with it by arms of unequal lengths, then 
that which is attached to the longer arm will have 
the greater velocity, and therefore the greater force 
of motion. 

From this it follows, that by varying the distances 
of the parts of a revolving body from its axis of 
revolution, we may vary greatly the force of it* 
motion, provided we do not vary the velocity of its 
revolution ; and conversely, that if we vary the 
distances of a body's parts from the axis of rotation, 
not varying its force of motion, we of necessity vbtJ 
its velocity. 

223. The Dimensions of the Earth have NOt 
diminished for the last 2500 Years. 

For, no obstacle being opposed to the force of 
motion with which the earth rotates, that force most 
be the same now that it always was. But if by the 
contractioR of the earth's mass, its parts are brought 
now nearer to the axis about which it rotates* thaa 
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ihey were formerly, it is clear that these, revolving 
at a less distance, must, to have the same force of 
motion, revolveya«^er. So that if the earth's dimen- 
noQs had contracted, the day would now be shorter 
than it was. Now we have observations which show, 
that the day is now, precisely of tlie same length that 
it was, 2500 years ago. None of that diminution 
of balk irom the cooling of its mass, of which geo- 
logists speak^ can therefore have taken place, with 
^ any perceptible influence within that period. 

224. The Compensation Balance Wheel. 

* 

. The balance wheel of a watch is that which sup- 
pHei in it, by the isochronism of its vibrations, the 
place of a pendulum. It receives by means of a con- 
trivance connected with it, called the 'scapcment 
tHecessive impulsive motions, through a train of 
wheels from the main spring of the watch ; and after 
caeh impulse it b brought back by a fine hair spring, 
which is fixed to the axis about which it turns, and 
iH^be seen coiled round in its centre. The escape- 
sent is 0O contrived, that no second impulse can be 
pf&k to the balance wheel, until it has vibrated back 
into the position where it received its first impulse, 
and until this second impulse is given, the watch 
cannot ^ on. Thus ultimately the whole regularity 
of the motion of the watch is made to be dependant 
qWB the regularity of the vibrations of this balance 
vfaedL Now it was found by theory and confirmed 
by experiment, that the vibrations of a body to 
iHueh a spring was attached, as in the case of this 
wked, were performed in the same time, however 

84 
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great they wert, withio certain limits^ — tbat is, Bow^ 
ever great, or however shorty the distance through 
which the body was drawn back from its position 0/ 
rest before it was left to itself^ it yet returned to it* 
position of rest in the same time ? the greater farm 
of the gpriiig, when farther uncoiled j exactly makioj 
up, for the greater space through which it had to 
move the wheel ; so that in the watch, whether the 
impulse given to the balance wheel was smaO of 
great, it would yet vibrate backj always in the same 
time. Thus then, whatever irregularity there migit 
be in the action of the main spring of the wat^b, 
and in the working of the train which connected 1^ 
with the balance wheel, so that this should receive 
at one time a more violent impulse than at another; 
yet none of this irregularity would find its way lul^ 
the actual going of the watch, governed as it wi* 
by the duration of the vibrations of the bal&nc^ 
wheeV which, under all these circumstances of irre- 
gularity, would yet be of equal duration-* T^^ 
actual length of each one of the isochronous vibi*' 
tions of the balance wheel, is dependant first m^^ 
the length of the spring, and secondly on the dim^" 
sions of the balance wheel ; the force of the sprioi 
being dependent upon the former cause, and tb^ 
velocity of the motion, communicated to it at eac!^ 
impulse and to be destroyed by the action of th^ 
spring, on the latter. By varying either of these 
elements, the time of the vibrations may be varied 
aa we like* That which is usually varied is the { 

* To this isochrflnism of the Tibrations of the balMiee 
wheel, it ia necessary that the length of the jspHtig should be so 
great* that at each vibration it should not be gteatly imcdk4 
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Ungth of the spring, of which, more or less, is set 
I free to vihrate, by a contrivaiice which Is generally 

vifiiblej and which is easily understood* 

Both the length of the spring, and the dimensions 
I of the balance wheel, are however, of themselves, 
^K made to vary, by variationa in the 

^" -^'A iemperature ; and both these are? for 

r i^^^% ^^^ reasons we have stated, causes 

^tJ^Ow* ^^ ^^^^^ ^^ *^^ EO'"g of the watch. 

^^^0^ The compensation baiance wheel is a 
contrivance, by which they are made 
to compensate one another. It consists of a wheel, 
to two extremitiea, A and B, of a diameter of which, 
are fired two curved arms or branches, A C and B D. 
These curved arms, A C and B Dj are each formed of 
two bands of metal, soldered together ; one of which 
bauds, that forming the convene surface, is of brass, 
and ihe other, forming the cmwavc surface, of steeh 
Now, an increase, of the same degree of tempera^ 
t^ causes brass to expand much more than steel ; 
tHj increase of temperature will therefore, cause 
tlifi outside surfaces of these two arms to lengthen, 
nucb more, than the inner surfaces of them ; this 
i!tn only happen by the curiing up, as it were, of 
each arm, at that extremity which is free to move. 

us, by the turning in of these extremities of 
^ anns, the material of the wheel is brought 
Bearer to the centre, about which it revolves ; an 
&lieratioii in its form, which produces an immediate 
ckange in the time of its vibrations, compensating 
for the elongation of the arm A B, and the in- 
creased length and diminished elasticity of the hair 
ipring. 
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\ 225- The Centre qf Spontaneous Rotatioi*, 




if a force be made to act imputsireijr, on a bodf 
|Lt rest, but free to move in any riireetion ; in the inr 
ttant ef impact, certain forces of motion will ^ 
communicated to all »ts parts. If the blow k 
struck througii the centre of gravity, it has beeu 
before sbown, that all these forces of motioD ^'^ 
be equai ^ud parallel; but if it be not struck through 
the centre of gravity, the body will move, partJj 
with a motion of translation, in which all ita parti 
partake equally, and partly with a motion of rotation 
about its centre of gravity* Whilst, by this rotatii>fli 
some of the parts of the body have a tendeticy tti 
be carried bachvard&i by the motion of tranilatioDt 
these, and all the other parts of the body, are car- 
ried with a direction forwards. And if this rota- 
tion of any of the parts baekwardsj exceed th&t 
motion of translation forwards, then, whilst the rest 
moveforwardst these parts will actually move had- 
wards in space ; a lact which any body may verifVr 
who strikes near one of its extremities, a piece nf 
wood, lying on a smooth surface, or floating ic 
water. Tracing the different parts of the bodj. 
from those which thus uiove forwards after l^ 
blow, to those which move backwards, we s^M 
evidently arrive at a point, or rather an axis^ whei^ 
the motion passes^ from the one direction to the 
other ^ which point does not, therefore, move, either 
forwards or backwards ; this axis is called the aii* 
of spontaneous rotaiimu It is that about which tk 
body tends, in the first iBstant of its motion, of i^ 
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>wn accord, to revolve. An analytical expression for 
:he position of the axis of spontaneous rotation is 
easily found.* From this expression, it results that 
the axis is more remote from the point where the 
disturbing force is applied, as the centre of gravity 
is more distant from that point, and as the great mass 
of the body is more distant from its centre of gra- . 
vity. Thus, in a body of considerable length, from 
the point of application of the disturbing force, it 
is more distant than in a shorter body ; and in a 
body, the greater part of whose mass is collected 
near its extremity, it is more distant than. in one 
irhose mass is uniformy or which is lightest at its 
extremity. 

226. These Facts explain the Ease with 

WHICH A LONG PoLE OR A LaDDER MAY BE 
BALANCED ON ITS EXTREMITY, AND WHY 
EITHER OP THESE WILL BE YET MORE EASILY 
BALANCED IP IT IS LOADED AT THE ToP. 

The axis of spontaneous rotation is that line in 
tile body which rests when it is slightly displaced, 
or made to revolve through a small angle. If the 
ftetion of the disturbing force be contintiedf after 
tidg small angle is passed, this axis will be carried 
forward with the rest of the body. Now, in balanc- 
ing a body on its extremity, when we move its lo.wer 
extremity to preserve the equilibrium, we cause 
the whole to revolve about its axis of spontaneous 

* A practical method of determining the centre of spon- 
taneous rotation will be given when we come to speak of the 
ttDtie of otetZZohoM. 
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rotation ; and the higher this axis is, the farther we 
can move the lower extremity, without inclining the 
body round its axis, beyond this small limitiog 
angle ; so that in fact, when the axis of spontaneous 
rotation is very high above us, it remains stationary, 
or nearly so, notwithstanding that we give consider- 
able motion to the lower extremity of the body, 
thus greatly facilitating the efforts we make to pre- 
serve its equilibrium. 

Thus is explained that common feat of posture 
masters, by which they balance a long ladder, with 
the lowest stave resting on their chins ; they even 
move about with it thus balanced ; and have been 
known to do it, carrying one of their companions 
at the top. 

227. The Centre of Percussion. 

Since a blow communicates no motion, and there- 
fore no force of motion to those particles of a body 
which lie in its axis of spontaneous rotation (in T^' 
ference to that blow), it is evident that if a fi^^ 
axis were made actually to pass through the bodJ» 
where its axis of spontaneous rotation passes throng*^ 
it, the blow would communicate no tendency ^^ 
move, and therefore no percussion, to that axis. No^ 
the position of the axis of spontaneous rotation i^ 
evidently dependant on the place in the body where 
the blow is struck; and, since the blow may be 
struck in an infinite number of different places, the 
axis of spontaneous rotation may be made to occupy 
an infinite number of different positions, and thus 
may be made to coincide, in one of these positions^ 
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with a particular axis^ before determined upon : a 
]>articular point of impact thus becoming necessary 
to cause the axis of spontaneous rotation to coincide 
with a particular axis. 

This point of impact is called the cerUre of per- 
auswHy in respect to that particular axis. If the 
body be suspended from that axis, and struck upon 
that point, there will be no re-percussion on the 
axis, and it is the only point in the body possessing 
this property. The ballistic pendulum (art 215.) 
presents an application of this principle. If the 
ball strike the mass against which it is fired at any 
other point than its centre of percussion, the blow 
wiQ tend to tear away the axis. 

228 The Centres of Suspension and Per- 
cussion ARE convertible. 

If the centre of percussion of a body about a 
certain axis be found, and that axis be then changed 
fop one passing through what was its centre of per- 
i cusdon, then its new centre of percussion will be 
in what was before its axis of rotation, so that the 
two are convertible. This is a very remarkable pro- 
perty, of which many important applications may 
k made, as will hereafter be shown. 

229. The Tilt Hammer. 

The tilt hammer is that used in the forging of 
Bted (see art 82.). It is of great weight, and is 
&Eed to a strong arm, commonly a beam of wood, 
of considerable length, near whose opposite ex- 
tremity, is a horizontal iron axis moveable in collars, 



270 



ILLtrST RATIONS OF MECHANICS. 



which are firmly bound down to a aolid ma^s oi 
iron and masonry^ deeply imbedded in the eartbi 
The hammer is raised by Ihe action of a wheeL 
commonly turned by water-power, on the circuni" 
ference of whicb are fixed at equal intervals ctMjSf 
which are made to strike on a projection of the 
extremity of Uie arm of the hammer. The haann^r 
is thus made rapidly to rise and fallj and e lapld 
series of impulses is given to the bar of steel which 
is placed on an anvil beneath it. The expense of 
erecting and maintaining one of these hammers i* 
exceedingly great ; they are extremely babb to 
break their axes, and to tear away their collai^ 
That there might be bo percussion upon the W 
when the hammer receives the blow which lifts it* 
it would be necessary {see art, 227-) that tbis bkw 
should be struck at a distance equal to that of tba 
centre of percussion of the hammer. That thew 
should be no re-percussion upon the axis and col- 
lars, when the hammer f/ires its blow to the fitedi It 
is necessary (see art, 230,J that it should give ik^ 
blow at the same distance from the axis as it tt- 
ceives it. The hammer might be made of soch 
different forms, as to satisfy these conditions uniler 
a great variety of different eircumstanceis, and some 
of these might be such, as nut at all to interfere 
-with the usual method of working it Some pfa*^ 
tieal knowledge of the expediency of such an ar- 
rangement appears to have been arrived at by t^'^ 
workmen, and there is professed to be m tie h ekill 
exercised in the erecting of these hammers. W 
reality, however, they appear all^ to expend a large 
Dortion of the power which raises them, in beotiog 



at their axes, and in perpetual efforts to tear 
iwaj their collars. 




230- A Body in Motion aboltt a fixed Axis 

KHICH ENCOUNTERS AN OBSTACLE AT ITS 
JNTRE OF Percussion, will expend all 
THE Force of its Motion ok the Obstacle, 
If it encounter it at anv other Point, 
THE Force will be hi video between thk 
Obstacle and thb fixed Axis. 

The resultant of the forces of motion of a revolv- 
ing body parses through its centre of percussion; the 
whole of these forces may therefore be supposed to 
be collected there. If the obstacle be not encoun- 
tered at the centre of percussion, this collected force 
^ih evidently act both upon the fixed axis and upon 
the obstacle j and will be divided betiveen th^rn^ on 
tile principle of a weight supported between two 
props, Thus ako it appears that a body revolving 
t*c)tiad a fixed axis, and encountering an obstacle at 
^ts centre of percussion, does not in the act of im- 
f*act produce any impulse or repercussion upon its 

^m 23K A Ceicket Bat. 

A cricket bat, when the hall is struck by it, may be 
sonsidered to be revolving round an axis near the 
ihoulder of the player. The whole force of its motion 
\ff\VL therefore expend itself on the ball, only when the 
latter is struck at the point in it, which is the centre 
of percussion of the system, made up of the bat and 
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the arms of the player ; and it is at this point, an 
at this point Only, that when the ball is struck, thei 
will be no reaction of the blow upon his shoulde: 
Expert players soon learn to know about what poiii 
of a bat they thus strike most effectually^ and inthi 
consists a great secret of good batting. 

232. Tools of Impact. 

In speaking of its centre of gravity as the poioi 
where the impact of a hammer, &c. may be coDsi* 
dered to take place, we have supposed all its pait 
' to move with the same velocity. In reality they dc 
not. In the act of impact the instrument is taroioj 
round an axis, the points more distant from whicl 
are revolving more rapidly than those nearer to it 
The point in which all the force of its motion maj 
be supposed to be collected, is in reality its centre 
of percussion. Thus a carpenter's mallet (in whicli 
the parts farther from the handle evidently move 
faster than those nearer to it, so that the greatei 
portion of the force of motion is collected aboul 
the end of it), if he strike with it at its middle poim 
will not produce its greatest effect, and will stinj, 
his hand ; the true point is the centre of percussion 
A similar remark applies to the use of the forge o 
tilt hammer. 
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233. Centrifugal Force. 

The tendency of the force of a body's motion is 
) carry it forwards, in the same straight line in 
rhich at any time it is moving (art. 204.); if there- 
ore it do not continue to move in that line, there 
Qust be some force or another controlling that 
endency, and deflecting it from that path. That 
portion of the body's force of motion which is 
iubdued by this deflecting force, is called its ceu- 
xifogal force. 

It is subdued by an eflbrt perpendicular to the 
straight direction in which the body has a tendency 
at each instant to move^ that is, to the tangent to 
the curve in which the body is moving : its di- 
rection is therefore perpendicular to the tangent, at 
the point where the body is at that instant moving ; 

that is, it is perpendicular to the line of the curve 

it%tfat that point. 

2S4«. The Amount op Centrifugal Force. 

The centrifugal force being equal to that which 
•ttbdues the force of a body's motion from a straight 
to aeorvilinear direction, must manifestly be greater 
tt the force of the motion is greater^ and less as it 
ule88.» 

There is a striking example of the eflect of high 

It varies at the square of the angular velocity, and as the 
^wios of curvature conjointly ; thus, .if a represent the an- 
P^ vdoeity, and R the radius of curvature, the centrifugal 
»Kpre8eirtedbya» R. 

T 
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velocities in iijcreasiog the amount of centriftigal 
furce in the frequent rupture of l3je GHlNOiNd 
STONES used for the grinding of cutlery* The^ 
although the Btone ^Uieh composes them h o^ 
great cohesive power, yet by reason of the rapil 
revolution which is given to them, are often shat- 
tered to pieces by the centrifugal force which 
results from it. Large fraguients of the stone hare 
been known to be carried through the roof of 1 
building and hurled to a considerable distance from 
the spot where it was worked. The wreck pro- 
duced by the disruption of one of these stones re- 
semblci nothing more than the bursting of tU 
boiler of a steam-engiDe. 

235. A Slifg. 
If a stone is whirled rapidly round, at every ia- 
Btant of its circular motion, it tends to coniinue to 
move in the straight line, in which, during that 
instant, it may he considered to be moving ;<?' 
straight Wnes i^iriiilar to which, the wliole circuni* 
ference of the circle may be considered to be ni3<lc 
up, and of which any one, being produced, is * 
tangent to the circle. To keep it from moving in 
that path, a certain other force must be cotnbiQ^ 
every where with the force of its motion, the t^o 
together having a different direction from either 
separately* That other force is supplied by the 
tension of the string. This tension of the stiioS 
IB thus a force necessary to keep the body Irofl* 
moving in that straight line in which it continualllj' 
tends to move, and if the tension of the stnng h^ 
taktn away, it wiU move in that line. Thus when 
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€ ilring is unloosedt at the instant when the stone 
^ aieeiidiug in one of its gyrations^ it ceases, at 
^iice, to move in a carved Hue ; and by reason of 
ibe tender) cy to permaneDce of its force of niotiou, 
pursues the right line which is a tangcDt to the curve 
at the point in which at the instant of its release 
it was moving i and thia right Une in which it was 
moving, bein^ directed upwards^ it describes the 
^me sort of curve as a stone thrown upwards by 
Che hand, or a ball fired upwards from tiie mouth 
of a cannon- The mechanical advantage of using 
a sling, rather than the hand, is this, that by the 
interposition of the sling, it is possible to coraniuni- 
cate to the stone a very rapid motion^ and a pro- 
rtionate!y great force of motion^ w ith a compara- 
tively small and slow motion of the hand ; wheread, 
I to throw the same stone from the hand itself^ you 
I muBt necessarily give to the hand at the instant 
when it dit^charges the cjtone, a motion as great as 
the stone is to have, and a force of motion much 
greater. Thus, by means of the sling, you produce 
the required force of motion in the stone with much 

I less effort than would otherwise be necessary. 
I 2S6i A Man running in a Circle. 
I lUustrationa of the fact that if a body move in a 
burved line^ some other force than that of its mo- 
tion j or than any force in the direction of its 
motion, must act upon itt might be multiplied almost 
^^without number, 

^H Let us take the following; — If a man runs in a 

^^urved line, he becomes at once conscious that a 

certain muscular effort of that foot which is on 

T 2 
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the convex side of his path^ greater than that of the 
other, is necessary. Thus it is that, in respect to 
the lower portion of his body, the force requisite 
to deflect it from the rectilinear path, in which it 
every where tends to proceed, is supplied. But, 
the upper portion of his body has also a certain 
force of motion tending to carry it forward in the 
same right line, and ^ome other force must com- 
bine with this, in order to produce its deflection 
from that line, otheii^'ise, aithougfi his legs might | 
accurately enough proceed in the curve, the upper 
portion of his body would pass ofl* in a tangent 
to it, and thus the man would be overthrown. He j 
might supply this deflecting force to the upper 
portion of his body, by a direct muscular effort, 
propagated from the base of the feet. But he is 
taught instinctively to economise his muscular ef- 
forts, and does so by every conceivable means; and 
in this case he does it, by causing the weight of 
the upper portion of his body, to become the de- 
flecting force required for its curvilinear motion. 
He inclines his body inwards, so that its centre of 
gravity is brought beyond the base of his feet. 
Thus the weight of his body tending to cause him 
to fall over inwards, constitutes every where a force 
at right angles to the direction in which he moves, 
acting inwards ; and this force, combining with the 
force of his motion, deflects it from the rectilinear 
direction, and causes it to move continually in the 
same curve, into which by a slight muscular effort, 
he causes his feet, and the lower portion of his body 
to move. By this arrangement, it is wonderful with 
how small an exertion he is able to deflect himself 
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from a straight path, and move in a curvp even of 
tbe ^reate^t curvature. By a roost pt^iJWt and 
bi^utii'ul adjui^linent, he causes his body lo incline * 
just so far as is necessary to supply the requisite 
deflecting or centripetal force, as it ia called ; the 
jiicety of which adjustment will be understood 
vben wa consider that for every variation^ even the 
sligtte.^t^ in Ilia forward motion, and tli ere fore iu 
t}ie force of liis forward motion, there must be a 
corresponding adjustment of his inclination. 



L^7, The Centrifugal Forcis of a Body's 

^■loTlON MAY BE SUPPOSED TO BE COLLECTED 
^HftOM ITS DIFFERENT FARTS, AND MADE TQ 



CT THEOUaK ITS CENTRE OF GRAVITY. 



For if it be supposed to be moving in a straight 
line, all its parbi moving with the same velocity and 
IB paraliel d i recti on s, it has before been shown 
(art 'il 6,) that the isdiole force of its motion may 
l»e supposed to act through its centre of gravity: 
i-^)' furce therefore, which is to control this rec- 
tilinear force of motion without causing the body 
t^ turn round upon itself, must be made to act 
fbmugh til is same point. Now opposite to this 
force thus necessary to defied the body, is inani- 
ty its centrifugal force. The centrifugal force 
acti then, as though it acted^ through the centre of 
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*2$S, It u by reason op the Centrifugal 
Force that a Carriage, rapidly turning j 

A CORNER, la LIABLE TO BE OVERTHROWN* 

This force^ acting horizontally as though it acted 
at its centre of gravity, and bei ug greater as tie 
velocity 1^ greater and the deflexion greater, or tk 
turn sharper, may be sufficient to overbalance the 
weightj which acts as though it acted vertically at 
the same ptiint, and especially this will be likely U 
be the case, as the centre of gravity is higher. It 
is for the same reason that a borseman who gallops 
rapidly round a sharp corner, is liable to be an- 
seated. It has been objected that the high velocities 
given to railroad carriages might produce stitEcient 
centrifugal force on certain curves, to overthrow 
them. It is easVj however, to show satisfactorily bf 
calculation, that this cannot he the case on any of 
the curvea, or with any of the velocities, c(m»- 
tcmplated. The only danger which the centrifflg^J 
force might produce, is that of the carriages runpiaS 
off the rails, and this seems to be obviated bj tie 
conical form which is given to the suxtaees of theif 
wheels. 

2S9i Feats ow Hohsemanshif. 

The horseman who would ride in a straight li^h 
standing upon his saddle, must so alter the position 
of his body, with each motion of the horse, as to ke^ 
the centre of gravity of his body, condnually over 
the narrow base of his feet- This is probably an iiO' 
practicable task. If> however, instead of riding in ^ 



atraight line, lie ridca in a £?Mn?#, a new force is lent 

to him to support hU weighty acting too m if it 

acted at the same point where his weight may be 

supposed to act, viz. his centre of gravity ; this new 

force is his centrifugal force. His centre of gravity 

has now no longer any occasion to be brought over 

the base of his feet, another horizontal force joiaa 

in supporting it, and poised between the huriiontal 

torte and tlie resistance of hb feet, it» pqnilibriuin 

h. eafiUy found. To the action of the centrifugal 

iforce, which would otherwise overthrow him ottf- 

^mmdff the horseman slightly opposes the weight of 

^lis body by leaning inwards : and does he find his in- 

ditjation too great* he urges on his horse, and hi* 

centrifugal force, thus in crease ri, raises him up again. 

By thus varying his velocity and the inclination of 

I bis body, the conditions of his equilibrium are placed 

completely under his control, and he can perform 

a thousand evolutions, that, moving in a straight 

iiEie, he could not ; he can leap upon his hotse, 

rtiod upon his head or his hands, whilst he is per- 

fcrming his gyrations, or jump from his horse upon 

Ifee ground ^ and rtmning to accompany its motion^ 

vault again upon his saddle; the conditions of his 

stability » and even the force of his gravity appear 

ta be maHered. There is in fact given to him a 

third invifiible power, by the act of his revolution, 

which is a certain mo diti cation of the force of hh* 

onward motion ; this acts with him in all the evo^ 

IiitioDs he makes, and is the secret of all his feats. 




«0 



UXVSTmATtOltS OV M£€HAK1CS. 




240. A Glass or Water mat bb whirlei^ 

KOITKD so AS f^ BE iKVEttXKD, WITHOUT B£IM0 

sriLT* 

Hiii it a weU-knowB feaL A tambler of water it 
usaaJlr ptaeed in a wide wooden hoop> iir the circum^ 
farence of wbicb is a handle, round which it may be 
tumed. The hoop b ihen whirled rapidly round In 
a Teitical direction ; the cgnirifvgsi force is sufficient 
10 prevent the gla^ from falling from the hoop^ and 
the water from the glass. Instead of beiog placed 
m the hoop, the glass may be tied to a string* 

341. To MAES A Carriage hun ik ak ikveetid 

POSITIOX WITHOUT FALLING* 

Let a bar of iron be turned ronnd so as to fonn 
a circki as shown m the accompanying figure, tlie 




two ends being brought out Into two inclined plmes. 
and the two curved portions of the bar beiug miide 
to lie a small distance apart at the point where tbejf 
pass one another. This bar being now. placed vii^ 
the curved portion of it in a vertical position ts 
shown in the cut, kt a small heavy carriage be 
placed at one of its exiremiliesj with wheels, on the 
outside of which B,te Jlmwke^f to keep it^ at it fotl^ 



ipOTi the har. Descending the inclined plane, this 
|carnage will iL<tcend the curve, aod if the point from 
Krhich it ha.^ descended he high enough, the velocity 
It will have aequired will cause it to ascend^ in the 
direction of the arrow* to the top of the curve, and 
give to it aurticient ceutrifugal force at that point, to 
overcome its gravity^ and cause it to run on in 
that inverted position without falling. It will thus 
descend in tiafety on the oppoaite bran eh of the 
curve, and will again be brought to rest as it ascends 
the opposite inclined plane towards the other extre- 
mity of the ban This ingenious illustration of the ' 
effect of centrifugal force was devised by Mr. Roberts 
of Manchester 

242. The Governor* 

This in.stmment, long used for the regulation of 
mill-work, is mo^t generally known by the beautiful 
^ application which Mr* 

Watt has made of it, to 
the steam-engine* It 
consists of two heavy 
balls B B, suspended from 
crooked levers, B E F, 
which turn upon a com- 
mon axis, at E* The ex- 
tremities F, of these, are 
' jointed to short bars FH, 
which last at their op* 
posite eattremitiea are 
also jointed upon a move- 
able piece, DHt which slides upon the upright 
iH A C, This slide, by means of two shoulders 
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worked upon it, carries with it the estreinitj of i 
lev€r H K, whose opposite extremity acts to opea 
or close a valve in the pipe which cotivep tht 
steam from the boiler of the steam engine^ to tk 
Cjlmder; or, when the governor is used in the water- 
milt, it acts to raise or fall the sluice, which admits 
the water to the wheel ; so that in either ca^e tk 
motion of this lever governs the moving power of 
the machine* 

Now, the action of the batb is such, ^ to caai^ 
the maehim itself thus to govern and control tk 
• power which moves it, so as itself to temper ajftd 
equalise its own action ; for the shaft A C is con^ 
nected, by means of the wheel W, and the cord 
which passes round it, with the working part of tht 
engine, by which the wheel and shaft are made t« 
revolve, carrying with them the balls B. As liif 
engine moves /osier, these balls therefore revob* 
quicker f and their centrifugal force is greater ,* this 
centrifugal force, causing them to fly farther apart, 
causes them at the same time, to rise, causing tk 
levers B E to revolve about E, and the points Fi 
therefore todescend. These bring with them the slidi 
D H, and the extremity H of the lever H K, ^I 
which means the steam valve, on which this leveracts, 
is more closed, less steam is admitted to the cyrmder* 
and the machine slackens its action^ and corrects its 
too rapid motion. An opposite action of the go- 
vernor opens the valve, and throws more power into 
the engine when its action is too slow.. 



S43^ The Pressure upok the Axis of a he- 
, voLviNG Body. 

■ When a body revolves rouiid a fixed axis, the 
parts ijf it, situated at different distances from that 
axis, having different velocities, have different cen- 
trifugal forces ; and a yet greater difference in the 
centrifugal forces of different parts is introduced, 
if they have different weights. These centrifugal 
farces act all directly from the axis; since all the 
parts of the body are describing circles round it 
If the axis pass through the mass of the body, to 
the centrifugal force of each part, there is that of 
some oiJter^ on the opposite side of the axis, opposed. 
It is a passible ease, that all these opposite centri- 
fugal forces may exactly balance one another ; there 
vrill then be no pressure upon the axis. The general 
tme hf however, that they will not thus balance 
ooe another, and that a certain residuum of force 
will have to be borne by the axis itself, constituting 
the pressttre upon it* 
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244. The PRiyciPAL Axis of a Body's Rota- 

TION- 

Suppose the fixed axis spoken of in the last arti- 
cle to become free^ so that the body may move in 
iny direction. Being pressed unequally in different 
iiir^ctions, by the centrifugal force, it will then Im- 
^nediaieiy aJter its position, and the revolution will 
b«giu to take place about some other imaginary axis 
t^aing through the body ; this again, in its tum^ 
viii give place to some other, and so on, until out 
^ the infinity of axes, about which it may thua^ Iti 
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succession, be made to revolve, it falls upon 
about which the centrifugal forces exactly balance 
one another, and this axiSj it i^iJl have no tendenc| 
to change. In every iolid body, there are threfl 
such axes, called its principal a2ce.s. They intersect 
in its centre of gravity, and are at right angles to 
one another. 

Although, when made to rotate accurate^ al 
either of its principal axes, the body has no tend- 
ency whatever to alter the axis of its rotation ; yft 
its rotation may, or may not, when slightly defeted 
from that axis^ tend to return to it ; and it is of 
importance to know whether this will, or will not te 
the case ; for, practically, it is impossible by anf 
impulse, to cause the body» at the^r*^ instant of it* 
motion, to rotate accurately/ round either of it* 
principal axes, so that, when JreCi it cannot rotate 
round either of those a:3^es, unless of its own aceoidr 
the rotation tend to pass into it* Now of the three 
axes, there is only one into which the rotation thus 
tends of its own accord to pass, and it is the shoriMt 
of the three. If the body, being free to move, be 
put in motion, not round this or any other principal 
axis, its rotation will yet always tend to pass into 
this shortest axis, and will eventually settle into a 
rotation about it 

Although generally, any body, whatever may be 
its form, has three principal ax:es of rotatJonj it yet 
may have more. Ant/ diameter of a sphere^ for 
instance, is a principal axis of rotation. Of a cylin- 
der, the axis or line joining the middle of one of 
its circular ends to the middle of the other, is a 
principal axis of rotation, being the longest it ^iui 
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have, but miy axis at right angles to this from ita 
middle point, is also a principal axis, tlmn which it 
can have none le,«». 

So in a prolate spheroid, a solid, which may be 

apposed to be generated by an ellipse revolving 

jlp. 7a round its grtater diameter ; this greater 

^m^ diameter b the longest principal axis of ro- 

^ tation, but any axis perpendicular to this 

its centre is also a principal axiji of rotation, 

^e last axes are alt of the same size, and are the 

dy's least principal axes of rotation, 

in an nhiaic spheroid, which is generated by the 

Tfi volution of an ellipse about its shorter diameter, 

^,71, this shorter diameter is a principal axis, 

and it is the shortest of the principal axes 

of the spheroid; whilst any axb at right 

to this, from its middle point, is a principal 

luis, and these ai^e its greatest principal axes. 

The Planets rotate aboltt theih shoet* 

EST DiAMETEIia. 

The shortest diaraettfr of an oblate spheroid, be- 
lOf its shortest principal axis, is that about which, if 
Mymotioo of rotation be communicated to it, it will 
tend to rotate, and into a rotation about which its 
motion, if left toitself, will ultimately settle (artSM.), 
We have a striking example of this fact in the system 
of the univense. The planets are all oblate spheroids, 
(pud it is about their least diameters that they all of 
em rotate. Whether any cause have ever tended 
to interfere with this rotationj such as. the shock of 
some cometi or whether &uch a cause ever shall 
operate, we know not ; but this we know, that what* 







iftiB^ vbbU Bvijive 3. perpetu^ ciiiAge ii tlii^ 
MWMK of cv«j fiace tin Lbe <?nrtk*!i a«F&oe. 

Had rt!» form bif€n Citat nf m j^mhtie^ bmtmi of 
mm MMm s^hmrmd, tius cass^ of ft pcfpetwdlj dmoig-^ 
mg «w of loteatijDii wduM hmv^ occufred. The 
le«« aa«» of the rotifeiai «f mdk m i^beroid, are 
^if <if tfaoae^ at rigjbl ^igirt te ito gnatttsi dii* 
AMln^ fein ib ccBtR; alwvt iMir of tfaese it mM 
atwxp textile froa all oii«f% to lOiaie; but it wovH 
iiwc no tfndenej W rotate whemg mm Gt tbent ratB^r 
tbaa tbe otli«r ; and tbe d$glttesl ffi^mrbaiiee, arii- 
ing horn a cbange to t^ coodltkio of the earth't 
BMP^ the mere effect, indeed, of the tides of the ai^ 
and sea, wodd be sitffideot to make its rotitiOD 
pa3?i from one axis to another — a cbaoge whicht od^ 
commeaced, would oerer again cease. 

546. Experimental Illustration Of thi 
Tendency of a booths Rotation about iKt 

OTHER A%IS, TO PASS RiTO OSB BOUKI} 1" 
SHORTEST PRINCIPAL AxiS* 

Let a b€Kly be suspended, hanging by asiriofi 
freely from any point which is nut theextremityof ii* 

• Any ftuch cban^, ofice camroeoced, iroiikl go cjh for***" 
1 f u wh«D the first «&us£ of it had oeasecL 
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ncipal axis of rotation ; and let the^ f^tring 
idly turned romirt, which may be done by 
and a^lowJiig it to untwist ; the body will 
Lde to rotate about an axis which is not 
principal axi^ oF rotation ; its rotation 
»re tend to have this axis^ and to pa&d 
ion about its shortest principal axis ; and 
his with so great a force (if the motion 
itly rapid) as to overcome the bodies 
^h tends to keep it in its first vertical 
that it will gradually lift itself up, bring- 
Uion continually nearer to it^^ shortest 
ihi until, with a sufficiently rapid rota* 
I (so far as the eye can perceive) find 
ad will rotate about it. 
ingenious instrument is constructed by 
bkins and Hill, of Charing Cross, by which 
this rotation is made easy. It is 
represented in the accompany- 
ing figure, A very simple com- 
^. bination of wheels, which will 
be easily understood, from the 
c ut, CO mm un ic ates a rapl d rota- 
tion to the string, from which 
bodies of various forms are sus- 
pended, from any other axe - 
I than their shoitest permanent 
axes, W i th d ifferen tine reasi ng 
velocities they alter their po- 
■ _^ sitions, continually approaching 
to a rotation about their short- 
est principal axes. In the 
this change, a remarkable optical phe- 
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n omen on presents itself* The body begbniug to «* 
volve obliquely 1 the place to which each part of it 
returns* after the interval of a. revolution, is, iu the 
intermediate time, left vacant ; so that the sensatian 
of vision is from that place received^ not contiuu- 
ously-j but impubively* So rapid, however^ are tiie 
impulses, that one sensation remains nntii it is re- 
placed by the next ; and the body appears at one 
and the same time, to fill the whole space ^ whose 
parts it in reality occupies in succession ; — a phe- 
nomenon analogous to that of the continuous circle 
of flame shown by a fire-brand which is whirls 
rapidly round. 

247- The Force with which a Body mo vis is 
never generated instantakeoosltf. 

The force with which a sfcone falb, in the verj' 
first instant of its fall? would scarcely he perceptibh ; 
it continually accumulates as the intone descendsj aod 
if it were allowed continually to descend without 
resistance, would soon become irresistibly great 

The force of a cannon hall is not communicated 
to it ittsianMneonsli/f hut by impulses of the air 
liberated from the gunpowder, which impuLsca are 
continually repeated until it finally leaves the barrel. 
The longer the barrel is, the longer these impulses 
are continued, and therefore the greater b ihe ae- 
cumulated force. In some parts of the eastern 
Archipelago, and in South America, the savages are 
accustomed to propel ^niall poisoned arrows^ to the 
shafts of which, tufts of feather are attached, through 
long slender tubes, by blowing into them* The 
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ilocitvis thus accumulated in the arrow by continued 
ipulses of the breath, until it leaves the tube, as in 
le bullet by a continual expansion of liberated gas. 
' a rope be attached to a ball fired from a can. 
on, as in Captain Manby s apparatus for saving 
tiipwrecked mariners, the rope will almost always 
le broken, for the rapid motion of the ball cannot 
nstantaneousfy be communicated to the parts of the 
'ope, nor so rapidly as the ball moves. The elasti- 
jity of the rope has a tendency to prevent this 
rupture, because it allows of a certain motion of 
one part whilst the rest does not move, and during 
the time of this motionj it operates, to communicate 
the motion of the first part to the second.* 

The proverbial velocity of an arrow is due to the 
continued action of the bow-string upon it^ as the 
bow expands; and it is for this reason that the 
distance of the flight is greatly dependant upon the 
length of the bow ; the string remaining in contact 
with the arrow, and impelling it longer, as the bow 
by reason of its length, admits of being further 
drawn back. 

The balisUe of the ancients, with which they threw 
great stones and arrows^ are similar instances of the 
accumulation of velocity ; which was in these, pro- 
duced by the elastic force with which ropes extended 
ind doubled, and then many times twisted, tended 
to untwist themselves 

Sams and ffoais, when they fight, recede before 
they rush upon one another, that they may gradually 
accumulate a great velocity of impact. 

* The motion is thus propagated through the rope like the 
undulation of an elastic medium. 
U 
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there arc valves, which open towards the heart; 
now in some of the great veins which ascend from 
the lower part of the body to the hearty it cannot 
but be, that when the body is made to descend sud- 
denly, the blood should as it were be left behind it in 
the vein, on the same principle that if a phial partly 
filled with a liquid be made suddenly to descend, the 
^uid will be made to strike against the top. This 
tendency of the blood to remain behind, when the 
tein, descends in swinging or riding, or even in walk- 
ing, forces it through the valves of the vein, and thus 
probably quickens the circulation. The peculiar 
Mnsation felt in the descent of the body in swinging, 
is probably to be attributed to this cause. 

250. A Candle fir'ed from a Musket will 

PIERCE THROUGH A THICK BoARD. 

When a body is struck, it is for the most part only 
I few of the points on its surface which receive the 
Uow ; to communicate the effect of this blow, (the 
motion of the parts immediately about the point of 
impact) to all the rest of its mass, certain time is 
leqaired. Thus when a soft body is struck in one 
place,a certain time is required, before the other parts 
of it can be made so to feel the effects of the blow 
u to admit of the surface yielding, greatly, even in 
tke place where it is struck ; and until this is the 
Me, the effect is the same as fhough the body were 
pofeotlj hard. It is thus that if the palm of the 
HAMD he struck with force on the surface of water, 
the blow will be resisted, at the first instant, almost 
M thoogh by a solid body. Nay a musket ba 
u2 
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tod etvmjbmmtii mad a cakkoit ball fired ovef 
1^ surface of « SBioath Gea, rebounda from it* » \ 
from a kard pluie, 

Tlii«ise eireiuttstaveei stiMciently explain tlie per* I 
l6fakioki<»f«ltottrdlijmfof^ body, like a eajidle^ vks 
£ifed froiB a »ti^«t- Tlie parts of the candle c^- 
^mH jyM HRlii afler a certain Hme ; until tbt tii« i 
aaiwdi, tbfy are like the parts of a soM^ mil I 
f it hm pwised* tlie candle has gone througb the 

fiSU A Muscrr Ball passes thaqugej a Fa)<i 
or Glass without cracking it. 

The explartatioti of this fact is the s^ime witli tlai 
of the last, — the iudentatioii of the surface prodtjccd 
bj the first impact has not time to propagate it£df» 
to as to crack the pane before the ball has paseed 
through iii Thti$, altJioygh if throw o by the baiii 
il would shatter the trJWc ; being projected with this 
veitKity, it carries away only so much, as will Imt^, 
room for it to pass ; and were the pane suspended bj 
a ihread. il would not break the thread, or even m^ 
it to oscillate-. A sheet of paper placed edgtwip^ 
mavi for a like reason, be perforated by a phial bd^i 
without being knocked down ; and a door half Q^^ 
pierced by a Cannon ball without being shut* 

A cannon ball has beeu known to carry off i 
extremity qfa r/iw^^rf, with out the soldier who carti' 
it feeling the stroke ; as tlie head of a thistle m»] 
by a rapid blow be struck off, without pcrccptibr 
bending the stalk. It is for a like reason to 
eitplained above, that a cannon ball moving iri 
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^eat velocity passes through the side of a ship, leav- 
ing a clear aperture, whilst a spent ball splinters it. 



ii52t The Force with which a Body moves is 

K NEVER DESTEOYED INSTAHTAKBOUSLY, 

A mnno?i hall which impinge.^ againata wall causes 
a certain yielding of the substance of the wall, and 
d itj owD substance before it is stopped ; this occu^ 
pies time* A bojnb enters the ground some distance 
before its descent is arrested, and that building only 
iibomb proof, the covering of which is of a thick- 
tim exceeding the distance to which the bomb will 
tWof necessity sink in it. 

Baks of cotlon have sometimes been placed to 
receive the impact of balls, and have slopped ihem% 
because by their elasticity they cmitinuall^ resist 
the progress of the ball as it enters thenii and this 
eomimml resistance more effectually takes away their 
I fitat force of motion (although in itself it is so 
■ Wiall) than a much greater^ but momentary resist-* 
ance, would. 

Dr. Arnot has given a very striking illustration of 
tiuB fact, drawn from the comparative strength of 
Itdq and hempen cables* 

A ROPE CABLE, being not far from the same in. 

weight with an equal bulk of water, is so buoyed up 

by Che water, as nut to hang in any considerable 

curve from the ship to the anchor, but to be distended 

in a straight line, whilst an iron cable being much 

heavier, hangs in a deep curve* Thus the force of 

titeship^s motion, as when at auchor she is beat about 

by the wind, can only be counteracted by the stretch^ 

V 3 
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ing of the substance of the rope cahUy whilst it is 
gradually counteracted merely by the tightening of 
the curve of the chain cable. 



253. Accumulation and Destruction of the 
Force of Motion in a moving Body. Dis- 
tinction between Force of Motion and 
Force of Presisure. 

Let the force of gravity be imagined to become 
for an instant extinct, and a ball with a string at- 
tached to it, to be placed, in the void space, at some 
distance above a table, in the top of which is a 
small hole through which the string passes. Gn' 
vity being extinct, the ball will rest, unsupported, Id 
the position in which it has been placed. Suppose 
now that the string is pulled, through the hole in 
the table, by a series of impulses, communicated to 
the ball : the force of motion communicated to i^ 
by each of these impulses the ball will retain, for 
nothing opposes itself to its motion, and the force 
of motion in a body is indestructible, except by tb« 
action of some opposing force. Retaining thtti 
the force of motion communicated to it by ead 
impulse, the ball will at length, strike the tabl 
with an aggregate force of motion, equal exactl; 
to the sum of all the separate impulses which it ha 
received. Moreover, this will manifestly be th 
case whether it receives mang or few impulse 
before it reaches the table, whether each of thei 
be great or small, and whether they be commu 
nicated at longer or shorter intervals of tim< 
Thus it is true, if the impulses be infinitely near t 
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>ne aDOtber, or if the string is pulled c&ntinttously, 
b^ow, if the string be thus pulled continuously^ the 
number of impulses which the ball receives before 
it reaches the table, must be infinite ; so that the 
mm of all these must be infinite as compared with 
any one of them, and therefore the force of motion 
wtilA which the boU strikes the table, infinite as com- 
pared with the force with which the string is at any 
ingtant pulled. Now, let the ball rest upon the 
table, and let the string be pulled with precisely 
the same force as before, each separate impulse of 
the force with which the string is puRed, will now 
be encountered by the resistance of the tabic, 
whilst before, it was the accumulation of these 
iB^Qkes which it had to encounter. Moreover, 
eich separate force is infinitely small as compared 
with their sum. The table then, encounters in 
the one case a force infinitely greater than in the 
Mher; In the one case the force exerted upon the 
table by the ball was one of motion^ in the other, 
Me of pressure : this example points out the cha- 
Qcteristic difference between them, and thus it is 
Men that any force of motion is infinite as com- 
pared with any force of pressure, every force of mo- 
tbi being the accumulation of an infinite number 
of elements, of which accumulation, every force of 
pmare it in the nature of one element. * It has, 
Bi bet, been shown in the immediately preceding 
aitielefy that force of motion in every case requires 
afloite iimey and the operation of a series of im« 

* If it be not one element of that actual sum, it is at any rate 
i t04me of its elements, and bears a finite ratio to it. 

u 4 
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pulses *o its production, and is never getierattd 
instantanmusly. It is in ita n^iMxe oxi aemtmuki^^i 
these impubes are the elements of tbat attii* 
nmlation, and this time is necessary to their aggt*- 
gatiQUi That force oT presstire and force of motM 
thus stand in the relation of parts to a whol^? stif' 
ficientlj accounts for many^ remarkable andogres 
between the phenomena of these two descriptifini 
of force, and therefore between the scient^es «f 
Statics and Di/natnicS' 

Since force of motion is the sura of a series of 
impulses, it is evident that a series of siifib ii^ 
pulses in an opposite direction, is required in awj 
case to destroy it; and thus it is sufficiently ciplainw 
why force of motion is never destroyed M^ 
taneomlp* 

254. Gravitation. 

Now, there pervades all material existeocee i 
force, analogous to that which we have been d^ 
scribing by the illustration of a string contitujallj 
pulling a ball. Every portion of matte r^ iwipl* 
towards itself every other portion of matter? al 
every instant of time, and under every variety ^^ 
circumstances in which these portions of matt^' 
may be placed, whether of repose or motion. The 
earth is a huge mass of matter, every particle "f 
w^hich thua exerts a continual attraction upon ever)' 
other particle of it. This attraction produces iu 
all bodies on its surface, a tendency to descend 
towards its centre » If this tendency be resisted by 
any intervening obstacle, so that each impulse of 
the earth's attractioQ is s^aratelif countemctedi 
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there results a pressure upon the obstacle, called 
WEIGHT. If there intervene no obstacle, the body 
moves towards the earth's centre, continually accu- 
mulating the impulses of its attraction, increasing 
the rapidity of its descent, and acquiring a greater 
and greater force op motion ; which force of mo- 
tion^ being the accumulation of an infinite n timber 
of separate gravitating impulses, is infinite as com- 
pared with the before-mentioned force of pressure 
or weighty which is in reality but one of these 
impulses. The wonderful force of an impact to 
overcome the resistance of the parts of any solid 
mass to rupture, is thus fully explained. Cohesive 
force is in the nature of a force of pressure, and 
therefore infinitely small as compared with any 
force of motion^ so that it of necessity yields to 
any impact, however slight, at the moment of im- 
pact. Thus a weight which, resting upon a table^ 
does not even indent its surface, being let fall upon 
it, crushes it. 



^S. No Force op Motion or Impact can be 

COMPARED WITH, OR MEASURED BT, A WeIGHT. 

We cannot, for instance, say that the force with 
which a body moves, is' a force of so many pounds, 
or 80 many times a given weight, for it is infi- 
nitely greater than any given weight. How, then, 
shall we compare the different quantities of this 
hidden but mighty principle, in different but equal 
portions of the same moving mass, or of different 
moving masses ? Clearly by the quantities of mo- 
tion which it commuificates to them (see art. 206.) 
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^56. Uniform, accelerated^ and retarded) 
Motion. 

Motion is change of place. . The motion of a 
body is said to be uniform when the distance, be- 
tween the places occupied by it in any two successive 
instants of time, is always the same. It is accderakd 
when this distance, for any two successive instoDts, 
is greater than for the preceding two. 

It is retarded when it is less. 

The motion of a body, if it be uniform, is mear 
sured by the space it actually describes in a given 
time. 

If it be accelerated or retarded, its motion at any 
instant is measured by the space it would have de 
scribed in a given time, had the motion, which it bad 
at that instant, been continued uniformly through 
that time. The time thus used as the standard ^^ 
comparison is one second. 

257. Velocity. 
The space which a body, moving uniformly, d^' 
scribes in one second, or the space which a bod/ 
whose motion is accelerated or retarded, woul^ 
move through in one second, if its motion had con^ 
tinned uniform during that second, is called it^ 
velocity. 

258. Accelerating Force. 
A body acted upon by a series of different im- 
pulses, or by a force which constantly impels it, 
acquires continually more velocity. 
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If the force impelling the body be constant, the 
additional velocities communicated to the body by 
it in different equal intervals of time are equal; if the 
force be variable^ the additional velocities thus com- 
municated to it are unequal. 

The additional velocity which the body actually 
acquires in each successive second of time, if it 
be impelled by a constant force, is called the ac- 
celerating force upon it ; or if it be impelled by 
a variable force, the additional velocity which it 
would acquire, if from any given instant that force 
remained during one second of time a constant force, 
is called the accelerating force upon the body at 
that instant. 

Since the body retains all its increments of force, 
and therefore of velocity^ its whole velocity after 
any number of seconds of time^ from the commence- 
ment of its motion, will equal the velocity with 
which it first began to move, added to the increments 
of velocity which it has continually received. 

259. The Law op the accelerating Force 
OP Gravity. 

Bodies moving to one another by reason of that 
attraction which pervades all matter^ and is called 
gravitation, receive continually greater accessions 
of velocity in each secdnd of time, as they approach 
one another more nearly. The accession of velocity 
or accelerating force at any one distance from the 
centre of either body, being to that at any other, as 
the square of the second distance is, to the square 
of the first This law is usually cited as that of the 
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inverse square of the distance- The accelerating 
force of gravity being said to vary inverselyi as the 
square of the distance ., Thus bodies taUliig at tk 
surface of the earth, receive continually greater in- 
ere men ts of velocity in each second bs theyip- 
proacfa its centre* Nevertheless the distance thmugb 
which a body ean be made to fall at the eartii'a 
surface being exceeding small, as compared mttitbe 
whole distance to tts centre, tliis Tariation in the 
accelerating force of falling bodies h e?i;ceeditiglf 
small J and indeed imperceptible* 

For all practical purposes we may therefore con* 
fiider the augmentations of velocity which a body^ 
falling at or near the earths surface receive":, in 
I each successive instant of time^ to be the same. 
This constant accelerating force or ineremetit of 
velocity will subiequently be shown by experiment 
to be 32i feet 

260- Gravitation a Force ihseparably aSo ' 

ONIVEESAXI.Y ASSOCIATED WITH MaTTEH, 

Gravitation is fixed in matter etemalh/ and m" 

separablt/. No lapse of time wears it away> no ^ 
modification of circumstances in which it can be 
placed — no appliance of artificial means — ^or power 
of other natural forces upon it, removes or can it* 
move, the slightest conceivable portion of it YouB 
may crush the parts of a body into a powder* apply 
to it the power of heat, and melt it into a liquid — 
or you may, by a yet intenaer application of heat^^ 
dilate it into a gas ; yon may make of it a chemica 
solution ; bring again to its original fotm of 
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1 — analyse it again and again — combine and 
>mbine it: through all these changes you will 
in the slightest conceivable degree have affected 
gravity or weight of any one of its particles, 
fot only is the power of gravitating thus unalter- 
' infixed in matter, but it is infixed in it univer' 

here is no place on the eartk's surface where 
e is matter and not weight — there is no matter 
wn to exist in our system of the universe, which 
3 not gravitate ; and if we carry on our inquiries 
md the limits of our system, into the fathomless 
ths of space, we find there the stars gravitating 
ards one another. It is a recent discovery of 
ODomy, that those mtUtiph stars which, being 
mined by powerful telescopes, are seen to revolve 
nd one another, and of which there are many, 
in their motions subject to certain laws, which 
ve them to be attracted towards one another by 
force of gravity — or rather by a force subject 
lie same laws as that which attracts all things on 
surface of our earth towards its centre, and our 
th itself towards the sun. 

iuch is the eternal, immutable nature of gravita^ 
t, and «uch is its universality, 
dthough the force of gravity thus coexists uni- 
(ally with matter, yet does it not reside in the 
e manner and degree in all matter ; there is not, 
instance^ throughout all matter the same quantity 
lie principle of gravitation (whatever it may be) 
»ciated' with the same volume. 
lius the component materials of the planets are 
li, that were they all of the same volume or size. 
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they would not, neverthelesa^j all wei^k tlw MJift 
And it is scarcely possible to take up any two p*^ 
tioas of the matter which composes the earth's si:> 
face of vvhicb^ equal volumesj would be found tfl 
have the same weight or gravitating power. 



261. The Gravitation of the Bodies amoup 

us TO THE GHEAT Mahs OF THE EaRTH^ IS 
A SENSIBLE FORCE I THEIR GRAVITATION TO- 
WARDS OKR AKOTHRR^ ALMOST INSENSI&LE^ 

Gravitation is the aggi^gate of the aMradhm uf 
the elements of i^ liich the earth is composed^ e^cb 
iuch element attracting each other ; thus the pehble 
under our feet is attracted^ individually, by evtfrr 
other of the pebbles, that are scattered around it; and 
by all tho^e that are strewed over the earth s wide 
fiurface — by every particle of fluid j air, or watefiUpon 
the earth, and by every atom of its solid substance* 
Whilst the aggregate of the attractions of the ele- 
ments which compose the earth is a Jinite aud sen- 
sible force, thus known to us as gravitation^ tbe 
mutual attractions of any of these finite portions of 
it, which come within the scope of our immediatfi 
observation J are so small aa to be insensible, except 
to the most delicate admeasurements* All the sen- 
sible objects around usj no doubt, gravitate toffardi 
one another, although we do not perceive it, by rea- 
son of the exceeding small amount of their gravitating ' 
power, and the forces which, in every case^ oppo^B 
themselves to its taking effect* Thus, if I take up i 
two stones which lie side by side, I immediately I 
perceive the attraction of the great mass of the earth 
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I^pon thetn, but T remiiin whollj uncoDScious of their 
^^tractiou upQii one auoth^r. 
If two balls of lead were suspended by strings 
TOiB tlte ceiling of a room at the same height* they 
! Would gravitate towards one another, and did no force 
appose itself to their motion^ however small the force 
'if tlieir gravitation, they would approa^^h to con- 
^tict. But whilst they are thus atti acted towards 
^ne another, each is attracted by all tlie elements 
^'hich compose the great mass of the earth, and the 
fii recti on of this much greater attraction must in 
each be disturbed, before they can, in obedience to 
their mutual gravitation, approach one another^ their 
approach is thus rendered so small as to be imper^ 
ceptibk. If they were placed on a horizontal plane, 
their friction upon it woulii in liice manner be suffi- 
cient to retain them apart, and if they floated in a 
fluid — the resistanee of the iluid. Ne vert hcl ess 
there are cases in which attraction of gravitalion 
may be rendered sensiblej in comparatively small 
massos of matter. 

■ 262. The Attraction of Mountains. 

The greatest mountain on the earth's surface is^ 
not the 59th millionth of its bulk ; the attraction of 
such a mountain upon a ball of lead is, therefore, 
as ttothing, compared with the attraction of the whole 
earth upon that ball of lead ; yet laonld this attrac- 
tion produce a deviation of the plumb line which 
might be rendered semible* Bougntr was the first 
who traced a deviation of the plumb line from the 
attraction of a mountaiUp On the sides of Chinn 
bora^Oi the highest of the Andes, by obser vatic ns 
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made under circumstances of extraordinary diffi. 
culty, he ascertained that mountain to attract the 
plumb line 7" or 8" from the perpendicular. Chim- 
bora90 is volcanic, and its attraction is diminished 
by an immense cavity which it encloses. 

In 1772 Maskelyne, by observations similarly 
made at the foot of Mount Shehallian in Scotland) 
found a deviation of the plumb line of 54}\ 

In 1824 M. Carlini found the attraction of Mount 
Cenis to produce a variation in the oscillations of ft 
pendulum, to correct which it was necessary to 
lengthen it by the •0082677th of an inch. These 
experiments of .Maskelyne and Carlini present ^ 
means of comparing the attractions of the earth and^ 
the mountain in each case, and therefore the massed 
or quantities of matter in the earth and moiintaiD* 
which masses are proportional to their attractions ; 
and the quantity of matter in the mountain being 
estimated, by observing of what material it is com- 
posed, and measuring its bulk ; we are enabled to 
tell, from this comparison, what is the actual quan- 
tity of the materialy or the mass, of the earth. 
Knowing thus the quantity of matter in the earth, 
and knowing also, from astronomical admeasure- 
ments, its bulk or volume, we can tell its mean den- 
sity. The observation of Maskelyne gave ^'51^ for 
this mean density, and that of Carlini 4-39. From 
the near agreement of these two observations, we 
conclude, with great probability, that the earth's 
mean density is about four times that of water. 
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263. The Experiments of Cavendish. 

To the deviation of the plumb line the weight of 
the plummet opposes itself. It is evident that a much 
more delicate test of the existence of an attraction 
would be obtained, if the plummet could bebalanced. 
No contrivance of this kind can, however, be made 
to show the attraction of a mountain, because the 
attraction of so great and comparatively distant a 
nuue, would affect equally the ball and the counter- 
poise; but such a contrivance may be applied to 
showthe attraction o£&less and nearermass; and, with 
this more delicate indication, the attraction of a mass 
▼epy greatly less, has been rendered even more sen- 
<iUe than that of the mountain, upon the plumb 
Une. The following is the admirable experiment of 
Cayendifih. A and B are two balls of lead fixed to 
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tlie extremities of a lever, and capable of being put 
In motion round an axis which coincides with cd 
produced, a and b are two smaller balls suspended, 
by dender silver wires, from the extremities of a 
rod ef. The wires which suspend these balls are 
afterwards continued to meet in d, where the whole 
is suspended by a third wire cd, about which, the 
least conceivable force is sufficient, to communicate^ 

X 
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motion to the rod and its suspended balls. The 
whole of this last-mentioned apparatus, of the rod 
and smaller balls, is contained, and separated from 
the rest, by a case, adapted to its form and to the 
motion which is to be given it The section of this 
ease is represented in the figure hj the shaded hne; 
it is intended to protect the motion of the balb 
from any impulses of the air. That the osciUatioos 
of the balls may be seen, small apertures are left in 
the case at e and f, at the extremities of the rod. 
Yet, more effectually to get rid of causes of dis- 
turbance, and to obtain a uniform temperature, 
Cavendish inclosed the whole of his apparatus in 
a room, without door or window, and into vhich 
was no other aperture than one for the admis- 
sion of the reflected light and heat of a lamp, 
and a second in which was fixed a telescope T, 
through which the extremity of the rod might be 
seen. The lever, or arm, which carried the balls A 
and B, could be turned by a mechanical contrivance 
adapted to that purpose, to which motion was given 
outside of the chamber. When this arm was thus 
turned, its position was of necessity made to cross 
that of the light rod efy carrying the lesser balk a 
and b ; and the greater balls were thus placed in 
such a position that their attractions upon the lesser 
balls should both conspire to turn the rod efi to 
which motion of the rod, no other force would op- 
pose itself than the feeble resistance to torsion of 
the wire c d. 

In the experiments of Cavendish, the large balls 
A and B were, in weight, somewhat more than S cwt 
each ; and their attraction upon the smaller balls, 
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when the arm carrying them was deflected, was 

sufficient immediately to cause a deflection of tiie 

rod e f^ which, after a number of oscillations on 

either side, at length took up a position nearly in 

the line joining the centres of the greater balls, 

deviating from that position only by the amount 

due to the torsion of the wire c d. It appears from 

theory, that the time of each oscillation, before the 

rod eventually rests^ is a measure of the attraction of 

the balls, and sufficient to determine it, allowance 

being made for the eflects of the torsion. And it 

was thus that Cavendish determined the attractions 

of the greater balls upon the less ; this he compared 

with the attraction of the earth upon these lesser 

balls; and thus he was enabled to compare the 

nuus of the earth with the mass of the greater balls; 

ind knowing the size of the earth and the size of 

the halls, he thence obtained a comparison between 

the densities of the two ; that is, between the density 

of the earth and the density of lead. He thus 

fouod the density of the earth to be 5*48, or about 

5} times that of water. 

The mass of the earth is a uniti in terms of which, 
the astronomer determines the masses of all the 
bodies of our system of the universe. 

The apparatus of Cavendish is therefore, in fact, 
a teak in which the eart/i, sun, moon, and planets. 
luy be considered to have been weighed. 



X2 



308 ILLUSTRATIONS OF MECHANICS, 

264. The Attraction of thb Earth wouin 
CAUSE ALL Bodies, whether thet were 

LIGHT or heavy, TO FALL TOWARDS ITS SUR- 
FACE with the same Rapidity, were it not 
FOR THE Resistance of the Air. 

If a light body — a piece of paper for instance— 
and a heavy, but less, body — a piece of metal — be let 
fall from any height, at the same time, the heavy body 
will soon be seen to have passed tlie other, and it will 
reach the earth before it. That the air is the prin- 
cipal cause of this difference may at once be shown, 
by doubling up the paper till it is nearly of the 
same size with the metal ; they will then fall nearlj 
in the same times. But the question may be sub- 
mitted to the test of a conclusive experiment. It is 
a common experiment with the air-pump to adapt 
to the top of the interior of a high glass tube, a me- 
chanical contrivance, on which a piece of money 
and a feather being placed, they can both be let fall 
at. the same instant, by turning a screw on the out- 
side of the tube. This tube is placed upon the 
plate of an air-pump, and the air having been ex- 
tracted from it, the screw is turned, and the piece 
of money and the feather being let fall at the same 
instant, reach also the bottom of the tube together^ 
If the experiment be repeated with the air only 
partially extracted from the tube, the coin will a 
little gain upon the feather; and if no air be ex- 
tracted, the difference of the times of descent will 
be considerable. 



S65i The Velocity which is commijnicatbd to 
A Body falling freely by Gravity* 

Bodies fallings freely, near the earth's surface, 
liaye communicated to them, equal additions of 
velocity in equal times ; and siDce by the first law 
of motion (art* 93.) none of these increnients of the 
velocity are lo.^^l *j but all accumulated in the falling 
body ; it follows, that its actual amount at any timcj 
luy^t be proportional to the time during which the 
body has fallen* If, for instance, a body has fallen 
through ten seconds, since in each second the attrac* 
of the earth will have communicated to it the same 
addition of velocity^ and since all these additions of 
velocity will be retained in it, its actual velocity must 
be five times that which it would have had after 
falling one second • 

The velocity which gravity thus communicates to 
^ falling body in each second of time near the earth*s 
surface is 32^ feet ; so that after filing fiye^ seconds, 
its velocity will be five times this amount, after ttu 
seconds ten limes this amount, ami so on. 

This velocity is so great, that it would never have 
been possible to ascertain its amount by direct ob- 
servations on the fall of heavy bodies. 

Could we> howeverj by any contrivance neutralise 
the gravitating tendency of a body to any known 
Unount, -^ reduce it, foF instance, to one-kalf^ or 
om^eniht or tme-hundredik of what it was, since we 
jihould diminish the velocihfy communicated to it in 

* The reektance of the air U bere put out of the qu«stioa. 
X 3 
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each second, precisely to the same amo 
might thus render its motions so slow, tl 
might be observed and measured; we mij 
find the amount of the additional velocity 
communicated to it in each second, and th 
plied by the known number of times by y 
had previously diminished the force of its 
would give us the velocity which that for( 
communicate in each second, when undin 
This is the object of Atwood's machine. 

•266. Atwood s Machine. 

Let m and n be two eqtial weights, susp 

the extremities of a string, whicl 

/^"^ over a pulley, as shown in the fig 

ij imagine the pulley to be without 

and the string to be without wei 

perfectly fiexible. It is clear 

weights m and n being equal, tl 

ency of each to descend, will be 

neutralised by that of the other, j 

will rest Let now a small w 

equal to any known fraction of 

w, say the tenth of either or the t 

of their sum, be added to m. ] 

whatever will act to counteract that with 

tends to descend — for all the force in r 

is neutralised — no portion of the for 

which fx tends to descend will therefore be d 

It will nevertheless not take effect in such i 

to cause jm to descend as it would, if it dc 

freely ; for [a cannot move without commu 
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an equal motion to m and n. Throughout the 
bodies m n and f*, an equal force must therefore be 
distributed, to produce this motion ; and that force 
can only come from the gravitating force of jm ; this 
force, being that with which fx would actually de- 
scend if left to itself, is therefore, by this contriv- 
ance, made to be equally distributed through the 
bodies m n and /a, and to operate upon them in 
common, with an energy less, in proportion, as the 
mass through which it is thus diffused is greater. 
In the case we have supposed, the mass through 
which this force of /» is thus diffused, is equal to 
twenty-one times fx ; the force actually existing in 
each portion of it, b therefore the 21st part of what 
it was in each portion of /a, and fx will, in this com- 
bmation, descend with ^t part of the force that it 
would, if it descended freely ; that is with ^st part 
of the ordinary force of gravity. This change being 
Blade in the amount of the force effective on (a leaves, 
neferthelessy the law under which .that force takes 
effect the same, and reducing the velocity which it 
produces in each second to the 21st part, enables 
Bs to measure that velocity, and, taking it twenty- 
one times* to estimate what it would be if the body 
fdl freely. 

The conditions we have supposed of a perfect 
ibience of friction in the pulley, and of weight and 
rigidity in the string, cannot be realized. They 
ire nevertheless approached to, in the machine shown 
in the accompanying figure, which is called At- 
wood's maphine, and which serves, when accurately 
constructed, to verify the law of the descent of heav^ 
bodies with great precision. 
X 4 
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The string is a slender thread of silk, and, to g^ 
rid of friction, the axle of the pulley Q is made to 
rest^ at each extremity, upon 
the circumferences of two 
wheels, which turn with it^ 
and thus offer a greatly less 
resistance to its motion than 
a collar would. These wheeb 
being made with great car^ 
and accurately balanced, and 
their axes being very small) 
the various resistances to the 
motion of the pulley, are in s 
great degree got rid of. 

A pendulum dock R, beat- 
ing seconds, is affixed to the 
™ machine, and there is a me- 
chanical contrivance connect- 
ed with it, by which the pulley 
is set free, and the descent ot 
the weights made to commence* 
^"ifii at the commencement of s 
izr/^ particular second. The gra- 
— ^ vitation of the weight f*, con- 
tinually adding to the velocity with which the bodied 
move, in order to determine that velocity at any 
particular instant, it becomes necessary to remove, 
at that instanty the cause of acceleration, so that the 
motion may continue, for a time, the same as it 
was then. This is done by causing the descending 
body to pass through a ring P, moveable along 
a vertical scale. By trial, this ring is fixed in 
such a position, that t\ve de^ceii^wv^ n<^\^\. ^\s>ail 
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pass ihrougb it, precisely at the instant at which 
the velocity is to be meaBured ; after one, two, 
^brecj OP any other number of beaif of the peDtlu- 
tttim ; the weight ^ which is to produce the motion 
moreover made of the form of a ^ma]l rod or 
r^ of a length greater than the diameter of the 
ttg* Thus, whilst the two weights w and /it, are in 
be act of parsing through the ring, — ^that is^ at the 
Qstant for which the velocity wa^s to be measured — 
tie weight fA will be removed; and no force, thus, 
remaining to accelerate the motion> it will become 
uniform, and may be measured. In order to effect 
this measurement, a flat piece of wood, moveable 
along the scale, is placed^ by trial, in such a posi« 
tioni that the descending w^eight shall strike it pre- 
cisely after one beat of the pendulum from the time 
vrhen it passed through the ring. The distance 
marked upon the scaie between the position of P, 
aiid that of this second sliding pieee, measures the 
ipaet, which the descending body describes, uni- 
formly, in one second, with the velocity which it 
had acquired at the instant of passing through P^ — 
that is, after the given known number of seconds 
of it« motion. Now it is found by these experiments 
that the velocity, thus acquired, in a descent of two 
seconds^ is double of that acquired in a descent of 
one second ; that acquired in a descent of three 
seconds, triple^ that acquired in four seconds, quad- 
ruple, &c* 

Thui then, the body, thus falUng acquires in each 
second an equal amount of additional velocity, 
which (if, as we have supposed, ^ is ^th of 
m or n,) is ^ st part of the velocity which it 
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would have acquired, had, it fallen freely : so that 
a body falling freely, would acquire equal addltioof 
to its velocity in each second. From experimenti 
thus made, it is found that the addition made to a 
body's velocity in each second of its descent, when 
it falls fireely, near the earth's surface, is 32^ fee^ 
or more accurately 386 28 inches. 

This is its increase of velocity in each secooil 
near the earth's surface. It would not be the same 
at greater distances from it : at twice the distance 
from the earth's centre that we are, it would only 
be ^th what it is here ; at three times the distance 
•^th ; and four times the distance, -^th ; at five 
times -^th. The law of this variation, which u 
easily seen, is called that of the inverse square of 
the distance. 

267. Descent op a Body by Gravity. 

It has been shown (art 266.), that a body, 
whatever may be its weight, descending freely by 
gravity, near the earth's surface, always increases 
the velocity with which it descends, by 32J feet, 
during every second, of its descent. 

From this it may be calculated, that the space 
through which it descends in a given nUmberof 
seconds, is equal to the square* of that number, 
multiplied by one half of 32^ feet, or by 16-^ feet 
Thus, for instance, a body which descends freely 
by gravity, during two seconds, will fall through a 
space equal to the square of 2, that is 4, multiplied 

* The square of a number is the product of that number 
when multiplied by itself. 
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by 16^ feet ; or it will fall, in that time, through 
64^ feet. In 9 seconds, it will fall through 9 times 
16^ feet, or 144f feet In 4 seconds, through 16 
times 16^^ feet, or 257 i feet. In 18 seconds, 
through 324 times 16-^ feet, or 5211 feet — that Is, 
a mile within 57 feet. 

From this relation, of the space to the time, and 
from the consideration that the velocity, after any 
nomber of seconds, is equal to 32^ feet multiplied 
bj that number of seconds, it is easily found, that 
the Telocity acquired in falling through a given 
height, must equal the square root of the product, of 
SiJ feet by twice that height. Thus, for instance, 
the Telocity acquired in falling through 144f feet, 
most equal the square root of 289 J feet, multiplied 
by 32^ ; which multiplication being performed, and 
the square root extracted, there will be obtained the 
number 96}, for the number of feet per second 
of the velocity of the body^ after it has fallen 
that height. By a similar calculation, the velocity 
icqoired in falling through 257^ feet will be 
found to be 128f feet, and that acquired in falling 
through 5211 feet, 579 feet. 

The velocity acquired by a body in thus falling 
through any given height, is called the velocity/ due 

268. A Body projected downwards or 

UPWARDS. 

If the body have not acquired its whole velocity 
in fidling, but has been projected downwards, it will 
retain the velocity of its projection^ and acquire, 
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besides, an increment of velocity of 32^ feet, in 
each successive second. Thus the whole velocity 
will equal that of projection, added to the product, of 
32^ feet, by the number of seconds, during which 
the body has descended. 

If the body be projected upwards, instead of 
downwards, its velocity upwards, will be diminuked 
by 32 J feet in every second, until it is wholly de- 
stroyed. The body will then begin to fallf and its 
velocity, will from that time, increase continually by 
32 1^ feet per second as before. 

Since, in its descent, the body will acquire, in each 
second, as much velocity as it lost, in its ascent; and 
that in the seconds which intervened, between any 
period in the ascent and the period of its greatest 
ascent, the body lost all the velocity it had at the fiist 
mentioned period; also^ since it will acquire just so 
much velocity in descending^ through that number 
of seconds ; it follows that the body has, at any 
number of seconds after the period of its greatest 
height, just the same velocity which it had, at as 
many seconds before it attained that greatest height; 
and thus that, the velocities of its ascent and descent 
being in every successive instant (measuring the 
time from the period of its greatest height) the 
same, its motion in every respect, and the spaoes it 
describes, will be the same. 

Thus, the times of its ascent and descent, will be 
the same ; and it' will return to the earth's surface 
with the same velocity, with which it was projected 
from it. 
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569. To FIND THE Depth of a Well by letting 
A Stone fall into it. 

Let the number of seconds between the time when 
the stone is let fall, and that when the sound of its 
Btriking the bottom reaches the ear, be observed. 
This will best be done by counting the beats of a 
Kconds pendulum. This time includes that of the 
filing of the stone to the bottom and the return of 
the sound to the ear. The velocity of sound being 
aasamed to be uniform, and at the rate of 1 130 feet 
per second * ; a very simple algebraical calculation, 
gives us the following approximate rule : '* Mul- 
tij^y the square of the observed number of seconds, 
by 565, and divide the product, by the observed 
namber of seconds increased by 35, the quotient 
vOl be the depth of the well, in feet" 

Thus, let it be supposed, that 5 seconds intervene, 
between the instant when the stone is let fall and 
Alt when it is heard to strike the bottom. The 
iqaare of 5 is 25, and this multiplied SGSy gives the 
piodact 14,125, which is to be divided by 5 in- 
oeased by 35, that is, by 40. The quotient of this 
, dimion is 853^ which is nearly the depth of the 
velliinfeet 

270, Velocity of the Descent of a Body 
UPON an inclined Plane. 

If a body be supposed to slide down an inclined 
plane, without any resistance, it will acquire, when 

* Tlie ezperimeiits of Flamstead and Halley give 11 42 feet 
he the vdoeitj of sound. Recent experiments appear, however, 
toibov it to be yet leas than the number we have assumed. 
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it reaches the bottom, a velocity, precisely equal t 
that which it would acquire, by falling freely to tb 
same level, from a height equal to that of the plane 
Thus, if the point from which it fell beat a per 
pendicular height of 144f feet above the base, the 
velocity acquired by falling down the plane will be 
96^ feet per second ; that being the velocity which 
it would have acquired by falling ^ed^» or without 
the plane, through 14j4J feet (art. 267.). The velocity 
is thus, entireiY independant of the length of thepkne, 
and is the same, for instance, for a body falling down 
a plane which is twice the length of another, provided 
its height be the same. This may be easily under- 
stood. The resistance of the plane, tends to 
neutralise the gravitating force of the descending 
body, in a degree dependant upon the smaUness of 
its inclination. If it be not inclined at all, or per- 
fectly horizontal, it entirelg neutralises the gravitating 
force, so that the body does not descend at all; if it 
be slightly inclined it takes away somCf but not oW the 
gravitating power, and the body descends slowly; ii 
it be greatly inclined it takes away but litth^ anc 
the body descends rapidly. Now if the inclinec 
plane be but little inclined^ it must be of great kngO 
to have a certain perpendicular height^ and therefow 
the body, descending slowly, must be long in de 
scending it ; if it be more inclined, the length cor 
responding to that height is less, and the time o 
describing it, less; so that as on the one hand 
by making the plane more and more inclined 
less and less of the body's gravity is taken awa; 
from it; on the other hand, the time through whicl 
that gravity acts upon it in its descent^ becomes 
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with this increasing inclination, less and less ; and, 
byaremarkable relation, it happens, that these causes 
jast compensate one another. The greater time of 
descending the longer plane just compensates for the 
\m force with which the body descends it; so that the 
whole velocity which that less force communicates, 
leting through that longer time, is just equal to the 
whole velocity which the greater force communicates, 
icting through the less time ; and in both cases the 
Mme amount of velocity is ultimately produced. 

271. Velocity of Descent upon a Curve. 

When a body descends freely upon a curve, the 
resistance of the curve neutralises, not as in the 
inclined plane, the same portions of its gravitating 
force at all points of its descent ; but different por- 
tions of it at different points. Nevertheless the 
velocity acquired in the descent is subject to the 
same law as that acquired on the inclined plane ; 
it is the velocity due to the height, the velocity 
^ch the body would acquire in falling /rec/y from 
a height, equal to that of the point ^rowi which it 
ks descended, above that to which it has descended, 
upon the curve. This remarkable property obtains, 
^rfaatever may be the form or the length of the curve 
*-or rather it is a property which would obtain, if 
tfaere were no resistance of the air, and no friction 

•272. Time of a Body's Descent upon a Curve. 

The quantity of the descending body's gravitating 
forte^ which at each point of its descent is neutral- 
ised by the resistance of the curve, depends upon 
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the iiidinatum of the element* of the 'curve, at that 
point, to the horizen. Now by varying the form A 
the curve, we can in anyway vary this inclination; 
we can therefore in any way vary and modify the 
t^nneutralised or effective gravitation of the body> 
so that from a force acting with the same energy at 
all points (as in the case of free descent, or of de« 
scent upon an inclined plane), we can convert it 
into a force, varying, according to any law, from 
point to point Now if the effective force on the 
descending body, could by any form of the curve 
on which it descends, be thus so modified as to vary 
directly as its distance along the curves from the 
point where its descent is to terminaie^ then would 
the time of its descent to that point be the same, 
from however great a distance along the curve it 
had descended to reach it. 

Thus if the form of a curve, A B, could be so 
B contrived that, (its resistance 
fp neutralising, at every point, 
a certain portion of the force 
by which a body descend- 
ing upon it,, would other- 
wise be accelerated), that 
which remained should, at 
each point of its descent, be 
proportional to the distance 
of that point from the point 
A, to which the body is to descend ; then the 
time required by the body to descend from any 

* The curve may be supposed to be made up of an infinite 
number of exceedingly small straight lines, and the efemeiit 
liere spoken of to be one of these lines. 
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o» the curvej to A, would be preciaelj the 
B the time required to desceod from Q to A^ 
B to A. 

may be understood without much difficulty- 
luppose that the disttiuce measured aloug 
7Q from A to P is twice that measured from 
+ then the force accelerating a body which 
m Pj 19, by supposition J twice that accelerat- 
dy which falls from Q; and in the Hrst second 
y falling from P, will fall, along the curve, 
i far as that from Q. Let P be tlie place 
he one body reaches at the end of the first 
and Q, that which the other reaches, There- 
?j b equal to twice QQ,, and hence it is 
een, that since A P is twice A Q, A P, must 
e A Qii Since then after the expiration of 
; secondj one body is twice as far fi-om A as 
»r, the force urging the one down the curve 
lommencement of the second second j is twice 
ging the other, so that during the second 
the one will acquire, by the action of this 
wice as much additional velocity as the other 
nire. Also it begun thsit second with twice 
I velocity as the other. The one beginning 
ndi then with twice the velocity of the other, 
quiring twice as much additional velocity 
the second, must move during the second 
I twice the space- Thus, if Pj and Q^ be, 
vely, the places of the bodies after the second 
then Pi Ps equals twice Qi Q,, And rea- 
in the same way, in respect to the third 
tmd every succeeding second, we &baU find 

Y 
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that during each second, the one body clescrtbea 
twice the space that the other doea^ Afler the 
number of seconds which will bring then the Ixttlj 
which fell from Q to A, the body which fell from 
P, (having described in each second twice as great a 
distance aa the other,) will on the whole, bave de- 
scribed a Bpace equal to twice Q A ; that b it will 
have described the whole gpacc P A, Or, m othiT 
words, t^ too will at thai instaJit have atrivctl at A. 
The same reasoning applies whatever proportiun 
the distances of the two bodies from A may ha^e 
borne at the beginning of their motion. They wi| i 
on the supposition which has been made, arrive i: 
the same instant at A. A curve posBessing tlie 
property we have supposed^ is called niautochTmat I 
or isochronous curve* 



273^ The Cycloid ts ak iioghhonoub Cffivt 

If, exactly on the circumference of a circulBf 
board A B, the point of a pencil P were fixed, anA 

J^P. 77. 
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the board being laid flat on a piece of paper, if it 
were then made to roil along the straight edge dt 
rule CD, the pencil w^onld describe on the paper* 
curve called a cycloid ; and this curve would pos" 
seas the property of isochronism described in the 
last article. If a piece of wood or raetal were 
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AQtlj to the form of this curve^ and if, 
ace<i upnght, balla were allowed to roU from 
: points in it; theiij if there were no resist- 
friction or the air, these would be found 
^ch the lowest point of the curve in the 



I MAKE A Pendulum oscillate iir A 

Cycloid, 

ly cannot roll on a curved surface, such as 

iposed in the last article, without fiiclmn; 

friction cannot but matcriaUy interfere 

equatity of the times of its descent. The 
actual way of getting rid of thisi friction is 
tute, for the resistance of the curve, the ten- 
a string, to which the body is sui^pended ; 
. the tension of this string can be made to 
/ery point precisely as the reaction of the 
€S, Thus, for instance, if the curve were 

this would be easy. A body suspended 
string and allowed to oscillate j would os* 
recisely under the same circumstances 
idy sliding without friction on the snrface 
■cle would* The tension of the string, 

reaction of the surface, being both of 
ces perpendicular to the circumference of 
B, and acting so as to keep the body in the 

Lke a bodyj suspended from a string, de- 
itaelf in a curve of the form of a cycloid^ 

tion of the string being always perpend icu- 
direction of the descentj would, however. 
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seem to be nearly an impossible task ; nevertheleuy 
by a remarkable property of the cycloid, it is easily 
effected. That property is the following : — 

If there be shaped out two surfades^ accurately of 
the form of half cycloids, as represented by ABand 
jjf AC, and if they be placed to- 

gether so that their extremities 
.join in A, and their bases are 
in the same horizontal line; 
and if a body P be suspended 
between them from the point 
A, by a string whose length is such that it will 
just wind over either of the half cycloids from A 
to B or from A to C ; then, this body being left to 
itself, the string will, in the subsequent oscil- 
lations, so wind itself on the cydoidal cheeks AB 
and AC, and unwind itself from them, as to cause 
the body to describe a curve BDC, which is ac- 
curately a cycloid. Thus, then, from whatever 
point it is made to fall, the body P will, under 
these circumstances, fall in the same time to D) 
and passing that point, to whatever height in the 
opposite curve DC it ascends, it will fall from that 
point back again to D in the same time. So that 
all its oscillations will be isochronous^ or performed 
in the equal times. That great desideratum, & 
perfectly isochronous pendulum, would, by this 
contrivance, be obtained, were it not that it is im* 
possible to find any substance of which the strinj 
AP can be formed, which shall be sufficientl] 
strong, and yet so flexible, that no force shall b 
required to bend it on the two cycloidal cheeks, an( 
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■Bueli, that DO adherence shall take place betweeu 
it and them. These catiaea of errors slight as they 
appe4ir, are jet sufficient so materially to affect the 
oscillations of a pendulum thus formed, as to render 
it greatly inferior to the aimple pendulums which 

„9% are about to describe* 



275. The Simple Pekdulum. 

If B line were drawn from D to A (see^^. 78. in 
last article), then a circle described from the point 
A with the radius AD, would accurately coincide 
with the cycloid BDC at D and for some short 
distance on either side of that point; so that a 
bodyt suspended by a string from the first-men- 
tioned point, and oscillating freely in this circle, 
ffould, in point of fact, for some distance on either 
lide of D, be oscillating in the cycloid BDC, and 
its DsciUations would therefore be isochronous^ so 
big as they were confined within that limited dis- 
tance on either side of D ; but if they exceeded that 
di^tatice, then the path of the body thus suspended, 
deviating from the cycloid, the oscillations would 
deviate from their isochronisnip Thus then we 
have a simple pendulum whose small oscillations 
are koehronous, Moreover, the cycloids AB and 
AC may be made of any size ; therefore AD may 
h of any length, so that the pendulum may be of 
any length* From which it follows that the small 
(MciUations of a simple pendulumf of any length 
wlmtever, are isochronous. 
This law of the isochronisra of the simple pen- 
dam, was one of the discoveries of Galileo. Jt 
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was first observed by him, it is said, wImo rerj 
joong, in tiie oscillatioBs of a lamp suspended 
from the roof of the nwtropolitaA duirch of Piaa. 
He was struck by the equality of the times ia 
which the lamp returned from oaeiHation ta oeeil- 
lation^ as its motion gradually subsided ; and this 
observation of a child became in the mind of the 
man, a principle of philosophy, on which some 
of the greatest discoveries of science have been 
found ed. 



276. To DETERMINE THE TiME IN WHICH A 

Pendi)lum of ant GIVEN Length Will 

PERFORM ITS QsCILLATIONS. 

The oscillations of a simple pendulum, which are 
made in a circle, coincide, if they be small, with 
oscillations in a cycloid. From this consideration 
it is shown by an easy process of the integral cal- 
culus (see Pratis Mechanics, p. 370.)k that the 
number of seconds occupied by each oscillation d 
a pendulum of a given length, in this country 
(where the force of gravity is such as to accelerate 
the descent of a falling body by S2^ feet, of more 
accurately by 32*19084 feet in each seeond), ma) 
be found by extracting the square root c^ th( 
length of the pendulum (measured in feet), and mul 
tiplying this square root by the decimal 055372.* 
Thus, if it were required to find what would be th( 

* This rule is represented bj the algebraical formul 
(k 0*55372 V L, where t is the time of an oscillatioii in seconda 
and L the leneth of the pendulum in feet 
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time between each beat of a pendulum 9 (vet long, 
we must extract the square root of 9, which gives 
us S, and multiply '55372 by this square root; 
vli«nc« we have l'66n6 for the e umber of seconds 
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To DETEBifrNE WHAT MUST BE THE LENGTH 

OF A fiJMFLK Pendulum, so as to eeat amy 

GtVlN Nu&IBER OF SECONDS. 

By a simple transformation of the rule in the 
hst article, which every one acquainted with al- 
gebra will understand, we obtain a rule to determine 
what must be the length of a pendulum, that its 
cecillatipus may be of any duration that we njay 
require. " Square, or multiply by itself, the number 
of second lA which the pendulum is to beat, and 
multiply this result by the number 3'^i6l6, the 
product will the required length in feet." Let it 
be required for instance, to find what must be the 
leagtli of a pendulum^ so as to beat once in every 
2 seconds- Squaring 2 we get the number f, and 
multiply ing this number by 3'261G, we have 1 3*0464, 
or a little more than 13, for the number of feet 
If it were required to find the length of a pendulum 
which would beat single seconds, we must square 1, 
wlueh gives us Ij and this, multiplied by 3"2616, 
gives 3'2616, or somewhat more than 3^ for the 
length in feet. 
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278, To MEASURE THE FoHCE OF GrAVITT 

ANY Place, by oBSEftviNa the Beats Of . 
Pendulum. 

The force which causes the motion of a penduk 
is gravity ; its motion at anj" place must tharefbl 
be dependant upon the energy of the force of gii 
vity at that place. The following is the very simp! 
relation which connects them. " If the length of ^ 
pendulum were divided, by the additional velocil^ 
which gravity communicates to a falling body b 
each second at the place of obi^ervation^ and tl 
square root of this quotient being extracted, if 
result were multiplied by the number 3*1415j 
product, would equal the number of seconds 
each oscillation,"* From this relation, an ej 
process of algebra gives us this other, " li tM 
length of a pendulum be divided by the square of 
the number of seconds which it requires to cobh 
plete each of its oscillations, and if this quotient^ 
be multiplied by the number 9"8696s this last pro- 1 
duct will exactly equal the number of feet ^ 
which gravity will at that place, increase the ve* 
locity of the descent of a falling body in f^^ 
second of time,'* This number of feet is what il 
caUed the measure of the force of gravity at tM 

* This relation ia expressed by the matbesiiitieal fijnnuW 
t = w >i/^-^ where t is the time of an oscillation in second^ LiM 
length of the pendulum, ^ the acceleration of gravity it ^ 
place of observation, and ir the number 5'i4lS, vbich ii b^^ 
the circumference of the circle^ whose radius ii umtyi 



umty* I 



place^ Suppose, for instance, it were observed at 
any place, that a pendulum whose length was 
13-0464 feet, beai once every two seconds ; and it 
were required to ascertain from this fact what waa 
the force of gravity at that place. Dividing the 
length by the square of 2, or 4-, we have 3*^16, 
which, being multiplied by 9*8696, gives 32'1908j 
which is very nearly the force of gravity in this 
country. In ma lung observations with the pen- 
dulum, to determine the force of gravity at dif- 
ferent places, it is usual, at each observation, to 
alter its length, until it is sueh as to make it beat 
itft^/e secondi* ; the above rule then becomes greatly 
more simple. ^* Let the length of the pendulum at 
which it beats seconds, be accurately measured. 
This lengthj multiplied by the number 9"8696, will 
be the measure of the force of gravity at that 
place. 

\fl9. The Force of Gratitt diminishes as 

WE APPROACH THE EaUATOR. 

By observations such as these, it is found that 
tlie force of gravity diminishes as we approach the 
equator; a less length being required to make a 
pendulum beat seconds there than here ; so that a 
pendulum clock which went truly here, would, if 
carried there, go too slow, and would require to 
have its pendulum shortened. This striking phe- 
nomenon is explained by the fiattened shape of the 
earth. Were it a perfect sphere, the force of gravity 
would be the same every where upon its surface* 
A table contained in the Appendix, and extracted 




S30 



iLLUSTHATIOIfS OF MECHANICS. 



^m the ^ Phjsique" of Pouillet^ contains the resdl 
of the various ob^rvations which have be^n tuode 
witii the pendulum^ and a comparison of these 
results with those which are given by tbaory^ on 
Ihe siipposkton ibat the earth 10 accurately of ik 
form of a spheroid- 

280- To FIND THE Depth op a Mike bt 01- 

SERVING THE BeATS OF THE PENnULUSfi 

The force of gravity as we descend into th€ eartlfe 
does not vary by the law as it does when we de- 
scend towards the earth's surface from the regioM 
above it- 

A person descendirig from the top of a high monn- 
taloy and making observations from time to time 
with a pendulum, would find the force of gmvitj 
increasing continually until he reached the level ©f 
the sea ; if, then, he descended a deep mine^ ob- 
serving his pendulum, as before, from, distance to 
distance, he would find the force of gravity, iastfld 
of increasing, to diniinish continually. The renson 
of this may be explained a^ follows : let the eartir^ 
mass be supposed, when he has descended to aay dis- 
tance, to be divided into two parts— one a sphertcil 
shell, extending over the whole of its surface^ wd 
having for its thickness the depth to which he basfle^ 
acended, and the other a solid sphere included in tbii 
shell and filling it Now it is a remarkable fact, that 
the attraotions of the different elements of a sphericJil 
ah ell, of whatever thicknesSj upon a body, any where 
situated in the interior or hollow of the sbellj **' 
actlv counterbalance one another; so that tk 
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ody, being drawn in every direction aMke, has no 
ndency to move in any one direction rather than 

other ; and were the earth hollow, and its cavity 

iphere, could we descend into it, we might float 
about in the void space, without, any effort ^ — every 
'mnscukr exertion would^ indeed^ be a sonrce of 
inconvenience and danger to us, and the principal 
anxiety of our lives would be to guard ourselves 
against these continual collisions^ upon the opposite 
walls of our prison-house; which each effort would 
tend to produce. 

Since, then, this shell of the earth above him 
exerts no attraction upon a person who descends 
into it, the wliole force by which he is attracted 
must be that of the solid sphere which it encloses. 
Now this sphere, beneath him, diminshes its dia- 
nieter perpetually as he descends ; whiUt his position 
remains, in respect to this lesser sphere, precisely 
the same as it was in respect to the greater, when 
he was at the surface / he may, in fact, be eonsi- 
dered as standing continually, in his descent, on the 
surface of a diminishing sphere; being then attracted 
continually, under the same circumstances, but by a 
iess quantity of matter^ it is clear that he must be ku 
Attracted. 

It is found that this diminution of the attraction, 
is exactly proportional to the diminution of the 
distance from the earth's centre ; and applying this 
principle to, determine the effect of the diminished 
attraction on the motion of the pendulum, we have 
the following rule to determine the depth of a 
mine. 

Observe the number of beats which the pen- 
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dulum loses in one day, by being canied mton 
the mine; 5^4 ths, or nearly ^tli of that number 
of secouck, will give the depth of the mine m' 

miles. 



28L The Centre of Oscili.atioWi 

A simple pendulum h supposed to be a materiel 
point, suspended from a string without weight Such 
a pendulum can have no reat existence^ Every ma- 
terial body which we can cause to oscillate is> in 
reality^ a combination of material pointS) and ihefe- 
fore a cmnp&nnd pendulum. If each of the roateiifil 
points of which it were composed, were frte to 
oscillate alone, each would have (art. 27 6») its own 
diflerent time of oseillation, dependant upon its 
own distance from the point of suspension. By rea^ 
son of the connejcion of these points into one mass, 
they are all made to have the same time of oscil- 
lation J the times of oscillation of some being thu 
made longer by their union with the rest, and those 
of others shorter. Now, between those poinii 
whose times of oscillation are made longer tlian 
they would be if they were free, and those whose 
times are made shorter^ it is evident that there mM 
be some pointy where one of theae states passes into 
the other, and where^ therefore, the time of oscil^ 
lation h neither made longer nor shorter, butis tlte 
fiame as it would be if the particle were freej 
this point is called thecEKTRE of osciLLATiox. 

lU position may be determined for any bodjj 
whose parts are of geometrical forms, by certain 
rules of analysis. Having thus calculated the dia^ 



L 



THK CENTRE OF OSClI^LATtOK. 



3^3 



^ of thk point from the point of suspensioD, we 
t at what distance a smgh point, suspended 
k would oscillate in exactlj^ the same time, that 
thole of the compound pendulum does. NoWj 
ring this distance, we can tell what would be 
me of oscillation of this single point, since it 
d be that of & simple pendulum (see art 276*} t 
bn therefore tell the time of oscillation of the 
ound pendulum. Or, conversely, observing 
ine of the oscillation of the compound pen- 
U, we can calculate where its centre of oscil- 
must be- Both these calculadona require, 

er» a knowledge of the force of gravity at the 

of observation. 



*RACTtCAt. Method of determining the 

tNTRES OF PeRCUSSIOK AND Gl^HATION, 

IS a remarkable fact, dependant upon soma 

iieal relation, which has not, we believe, hitherto 

traced out — that the centre of osctUationf in 

!ct to any given axis of suspension of a body, 

io its centre of percussion in respect to that 

\ determining the one, therefore-p wtj in fact, 

jmine the other* Now it has been shown (art* 

Ij that the centre of oscillation of a body 

lie found in respect to any axis^ simply by 

ving the time which it requires to complete 

of its osciUations, when suspended from that 

This time being known, the length of a simpk 

ulum which will oscillate in the same time, may 

mnd (art 277*)» ^^^ this length is the dis- 

t of the centre of osciUation^ that is of tlie 
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oentr€ of percussitm, froTii the axis of suapensioiii* 

Thus, then, to determine by expenment the dii^ 
tanee of the centre of percussion from the siis, 
let the axis be placed in a horizontal poiilioe, 
and the body anspended, freely, from it : let tb 
body tbcn be sUglUly dejhcted from tiie poartioji 
in which it rests, and allowed to oscillate ahoatit; 
observe the time, in sec on da, of any one of its 0€Cil' 
lations (they will all be equal); square this Dum- 
ber of seconds, and multiply it by 3"2616; the pro- 
duet will be the distance requir^. 

Having thus as ■ pertained the position of the centre 
of percuEision, and knowing that of the centre d 
gravity, we can readily determine from these ^ 
centre of gtjraimu We have only to take the pro- 
duct of the distances of these two points from tlie 
aKis of suspension, and extract the square root of 



* • There is, moreover^ a very simple method of dEteimiiaJii 
the centre of percuasion or osseilktion, in respwct to a pattiouUr 
**ia of suspension, from a k:jowrledge of what is its poiituJO 
whcii suspended from another axis. Thus wishing to dctwinis^ 
the centre of pefcuj^^iion of a /<!Jr^e honimer, we might su^e^ 
H from any leogth of cord \\k'^ a pendulum, and obstineibe 
time of one of it'! oscillations. This fact^ with a knowli^ ^ 
tJie position of itfi centre of gravity, would be sufficient to 
enable ii^ to dctcrinine the centre of perciisjiiod of tin* h*ciii*|^' 
about the at is round which it actually works, Tliis M •* 
mentioned here becaysc there is a great practical iucon¥eiu«5** 
in determining^ the oscillations of so latge ^ mass, wbea ^^"^ 
pended thus from a string, rather than about the axis Toi'^ 
wMeh it works. Tlie calculation to which reference is ^^ 
abqvc, would not probably be intelligible to those notverajd^" 
ai^alytical mffch»nics^ and those who are will need no aiplsB*" 
tion of it 



THE PENDULUM OF BORDA. 835 

that prodnct : the number thus obtained will deter- 
mine the distance of the centre of gyration from 
the aiis. The centre of percussion is the same with 
the oentre of spontaneous rotation (art 2S0.). 



283. The Pendulum of Borda. 

The parts of this pendulum are represented in 
the accompanying figure. C is a sphere of platihum, 
jE^79. % metal, less than any other subject to 
alteration in its dimensions, from changes 
in temperature. To this ball the piece 
D is made to adhere, by turning its under 
surface of a cup-like form, and accurately 
of the same curvature as the surface of the 
sphere, and then rubbing a little grease 
^^ upon it. E is a piece which screws upon 
^* D, and in the centre of which is a small 
^ hole, for the attachment of a copper wire, 
which is to suspend the ball. A similar 
contrivance attaches the opposite extre- 
mity of the wire to the suspending piece 
F ; which is composed of a cylindrical 
piece of steel, passing through, at right angles, and 
fixed in, a triangular prism of steel, called a knife 
^e. When the pendulum is tLsed the two ends of 
this knife edge are made to rest upon two agate 
planesy whose surfaces are aqcurately horizontal, and 
upon the same level ; these are supported upon an 
opri^t iron frame, with a contrivance for adjusting 
theirpositionyand the pendulum hangs suspended be- 




336 



tLLCSTaATiosrs or mechanics 




<b 



tween them. The frame, with the pendulum lupported 
yponitjis represented in the next cuL Since, hj reason 
fg. ao. of variations in tempera- 

jg-l^ ture, the wire is iubjed to 

^ continual variations in its 
length, it becomes neces' 
sary at each observation 
to measure its lengthy with 
accuracy. Beneath the 
pendulum a contrivance is 
represented which is spe* 
ciallj directed to thii ob- 
ject. It consists of an iron 
pedestal solidly fixed, at 
the top of which 15 a ver- 
tical stand or cokmn, 
capable of being raised bj 
means of a screw. When 
the length of the pendulum 
is to be measured, the 
screw ia slowly turned 
until, in its oscillations, the 
ball just grazes the top of 
this column. The stand is 
then fixed. The pendulum ia removed from the agate 
planes which support it, and is replaced by a rotJj 
carrying a knife-edge exactly as the pendulum does* 
The opposite extremity of this rod is bored hollow, 
and a cylindrical piece of brass fitted into this hollow 1 
end, may be made by means of a screw to advance ■ 
any distance out of it so as to lengthen the rod. The " 
rod being suspended by its knife-edge on the agai 
planes precisely as the pendulum wasj is made 1 
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oscillate, and the screw is turned so as to lengthen 
it, until at length, in its oscillations, it grazes the top 
of the stand G, as the pendulum did. It is then 
taken off and measured^ and its length is the precise 
length, between the point of suspension of the 
pendulum and the bottom of the ball. 

It will be observed, however, that this is a com- 
fownd pendulum, so that the length thus measured 
is not the length of the simple pendulum which 
would oscillate in the same time. To find that length, 
we must find the centre of oscillation. In the case 
of this pendulum, the parts of which are of very 
nmple geometrical forms^ this is done by calculation 
without much difficulty. And being thus found to 
be at a particular point C, for any given length of 
tiie wire, so that the length of the simple pendulum 
is C F ; it is easily shown by the formulae, that when 
the wire is made to vary slightly in length, the dis- 
tance of C from F will vary by very nearly the same 
quantity. Thus then to find the length of the simple 
pendulum which will oscillate in the same time, we 
liave only to diminish the measurement^ taken as 
above, by the constant and known distance C A. 



284^ Borda's Method of Coincidences for 
observing the time of oscillation of a 
Pendulum. 

Let a pendulum clock be placed behind the 
pendulum whose oscillations are to be observed, and 
let its pendulum be made, nearly but not quite, of 
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the same teDgth*» or of aueh a length as to o^dt 
Jaie nearly j but not quite, in the same time; tbe] 
points of suspension of the two being imt 
diately behind one another. If now both peu- 
dulums be set in motion at the eame insfantt 
and looked at in froiits after the first osciilatioo 
they will be seen to move differently, one gaming 
upon the other a Httle, at each oscillation, and 
this crossing of the oscillations will continue, 
until one ha^ gained upon the other a complete 
oscillation, when for an instant their motions will 
coincide^ again to deviate, in each succeeding oseil- 
lation^ until another complete oscillation b gainei 
Neglecting then all the separate oscillations^ let dl 
the^e eoincidenves be observed for a given time, ^j 
three hours. The hand of the clock will show lion 
many oscillations its pendulum has mad^ and the 
number of coincidences will show the number of 
oscillations which the other pendulum has gmd 
or lo^t upon it. Adding or subtracting the number 
of coincidences, from the number of oscillations 
shown by the clock, we shall get the exact number 
made by the pendulum we wish to observe^ in tlie 
three hours. Dividing the number of seconds in 
the three hours by this number of oscillatloni, n 
shall have the duration of each oscillation, in seconds. 



• This change of the length ot its pendulum will altef ^ 
going of the clock j but that is IniTnaterial j the hand will stiil 
register the number of the oscLIlatians, which is all ihs.^ * 
required- 
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$t To DETERMINE EXPERIMEN TALLY THE PO- 
SITION OF THE Centre of Oscillation of 
A Body without knowing the Force of 

iBAVITY AT THE pLACIil OF OBSERVATION. 

It IS a remarkable property of the centre of 
Dillatian* which was first given by theory, that if 
dy be su spend cd from aoy point, and the time 
small oscillations about that point be ob- 
tr&dr and if it be then suspended from another 
Bint, this second point being that which was its 
ntre of oscillation before; then its time of os- 
Hktion will now be found to be precisely the same 
it was when suspended from the firet point, 
point having' become its centre of oscillation 
\ this new point of suspension. This property is 
iially described as that by which the centres of 
Bpension and oscillation are converiihk. What is 
^eant by it, may perhaps be more clearly under- 
Dod as follows. If A be any point in a body 
om which it is suspended^ and B be its centre of 
^oscillation in respect to the point of suspension A, 
and if the body had been suspended from B 
'Ustead of Aj its centre of oscillation would have 
been A instead of B. 

Since in both cases the distance of the centre of 
^scilJation from the point of suspension would 
have been the same, it is clear that the Umts of 
*>*cillation would have been the same. 

Thus then to determine by experiment* the centre 
**f oscillation B of a pendulum, about any point of 
*tis PENS ION, we have only to find by experiment, 
* pomt B about which it will oscillate in tke sam^ 
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time as it does about A ; that is, we luost suspend ic 
it from different points, lutil at length we find one iji 
in respect to which thb equality obtains. id; 

286. Captain Kater's Pendulum. 

A most ingenious contriyance, introduced by io 
Capiain Kater, greatly facilitates the experimental tc 
determination of the position of the centre of osdl- Itk) 
latiou desciibed in the last article. On the rod (rf | Si 
his pendulum is placed a moveable or sliding weiglit 
By moving this weighty the form of the oscillatiDg 
body, and thus the position of its centre of osciUii* 
tion, may be changed, so that when by trials tf 
described above, two points are found about whiek 
the times of oscillation arenair/^the same, by moving 
this weight, they may, without any further change in 
the position of the points, be made exactly the samei 
By means of the slide the pendulum itself is in &Gt 
altered, so as to have its centre of oscillation in tbe 
point we wish it. 

In Captain Kater's pendulum, the point B being 
roughly determined to be the centre of oscillation to 
the point of suspension A, triangular pieces of steel 
called knife-edges are fixed through the middle of 
the rod at those points. The projecting extremities 
of the knife-edges at one of these points, say A, 
oeing made to rest, by their angles, upon agate planes, 
the pendulum is allowed to oscillate freely, and the 
time of oscillation observed. Its position is then 
reversed, and it is allowed to oscillate in the same 
way upon the knife-edge at B. If the time of oscil- 
lation is the same as before, then B is the centre of 
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oscillation, and ail that is required is known. If the 

time of oscillation be not the same, the sliding 

weight is moved until it becomes the same. When 

this is the case the centre of oscillation is in B, and 

A B is the length of a simple pendulum which 

would oscillate in the same time. If then the time 

of oscillation be observed, the force of gravity may 

be calculated by the rule (art 278.), in which A B 

11 to be taken for the length of the pendulum. 

Sometimes two moveable weights are used, one of 
which is moved by means of a micrometer screw, to 
effect a more delicate adjustment.* It is a remark- 
able fact, proved by analysis, that the result, in 
experiments made with this pendulum, will not be 
ifibcted, if for the knife-edges cylindrical axes be 
nbstituted. 

Mr. Lubbock has shown in the " Philosophical 
Tinnsactions for 1830," that a slight deviation of 
the knife-edges, from a position accurately transverse 
vpopendicular to that in which the pendulum tends 
to oscillate^ is of no importance if it be a deviation 
iBdieways or horizontally; but that a deviation of one 
degree^ vertieally, would be sufficient to increase the 
limber of vibrations by 3 in 24* hours. An error 
IB placing the agate planes truly in a horizontal 
pondon, has a yet greater effect. The sixth part of 
• d^ree of deviation will in this case cause an 
increase of 6 vibrations in 24* hours. 

* Hot a detuled account of the experiments of Captain 
Xiter« mt the Philosophical Transactions for 1818. 
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287* COMPENSATIOIT PEyDULUMB, 

A pendulum, of whatever cnaterial it maj l)t I 
formed, necessarily varies its dimensions witli tterj 
change of temperature. From this cause arises i 
variation in the position of itj» centre of oseilktlon, 
and in the Hme of eacb of its oecillations. in itte 
pendulums used for cloeksj it becomes necessary ^ 
introduce some contrivance for compensating i\^ 
variation, where great accuracy is required, Ttie 
method described in the last article, of varying tbe 
position of the centre of osciUationj by means of i 
i^iiding weight, could the weight be mnde to slide, of 
itse!f, into a different position with each variation of 
temperature, might evidently answer the purpoM'^ 
It is, in fact, somewhat on this principle, that die 
compensation pendulum is formed. The general 
tendency of the expansion of the material of iht 
pendulum is evidently to ienfftften it, and to carrj 
its centre of oscillation lower; a compensatioii 
would be made, if there were a part of this ptn- 
dulura whose mass, was, by its expansion, raisi^ 
higher. The one tending to raise and the other to 
depress the centre of oscillation, by each additi&ntti 
degree of temperatnre, it is clear that these pie 
ments, possibly, might be so combined as to keep 
it exactly in the same pJace. 

One of the simplest contrivances of thi^ kiiii 
at once the earliest and practically the best, is 
Gh A ham's Pemdulum- The rod S B of this peo- 
dulum is of steeL It carries a frame or Ftirrup 
D B, on which is supported a gla^s cylinder G H con- 
taining mercury. By every increase of te rope rati 
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ftie Bteel rod elongates^ carrying the centre of os- 
ta,%\, cillation of the whole, fiirther from the 
|to 1^ point of suspension* But, by the same 
^B change of temperature, the mercury rises 
W in the cylinder^ thus carrying tho centre 
B of oscillation upwards f and towards the 

H point of suspension, A right adjustment 

of the quantity of mercury to the length 
of the rod, will cause these two opposite 
eflccts to neutralise one anottier, and.pre- 
L serve the centre of oscillation in its ori- 

B ginal position. To determine this quMitity 
of mercury, it is customary to assumCt tliat 
the surface of the mercury must be oiade 
to remairi always at the same distance 
from the point of easpension* So that, 
by whatever distance it may be depressed 
by the elongation of the rod, it may be 
raised the same distance, by its own expan- 
sion. The computation on tbis principle 
is easily made. We have only to know 

PMO the fraction of its lengthy by which a rod 
Tr of fiteel elongates for each additional degree 
II of temperature, and the similar fraction by 
whioh a given quantity of mercury increases its 
bulk. The former fraction is *CX>000636» and the 
tatter -00001066. From this last fraction, we could 
readilt/ ascertain by how much the column of mer- 
cury in the glass cylinder^ increased its height, and 
devatcd its centre of oscillation, were it not that 
Ihe same variation of temperature which causes an 
expanfton of the mercury, causes also an expansion 
^ tlie glass of the vessel which contains it, increasing 
z 4 
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the capacity of the vessel. Nevertheless} ibis d^ 
turbing cause maj'^also be taken into the catctilatioD^ 
or at any rate allowaiice may be made for it hj 
experiment; and thus the quantity of mercury fo 
the glass cistern may be so adjusted as to preserve t 
position of the centre of oscillation^ which ap- 
proaches to uniformity. 

There are, however, causes of variation in tJae 
pos^ttion of the centre of oseillation, and ia the time 
of oscillation J olher than those which have been 
spoken of, and which appear scarcely to admit of 
compensation. The iirst is the difference of ih 
iimes requisite to communicate the variatioo of each 
degree of temperature to the two metals, mercury 
and steel. From a communication reeently made 
by Mr. Dent to the British Association of Science, 
it appears that the mercury of this peodulum requin» 
nearly four times the interval to acquire a given 
variation of temperature that the steel rod does* 
During the whole of this interval the pendulum 
call not then be in a state of compensation, and Uien; 
must be a variation in its beats. Another cause of 
variation, first noticed by Mr. Dent, and uncompen- 
sated, is in the varying elasticity of the spring. 
This elasticity diminishes as the temperature increases, 
and to this cause Mr. Dent traced, in some of his 

. experiments, an error of nearly 2 seconds in 24 houi*> 
produced by an artificial elevation of the tempem- 
ture of the spring to 95°. He has recommended the 
substitution of a cast iron cylinder for the receptioa 
of the mercury, instead of one of glass. A much 
more truly cylindrical form can be given to such a ■ 
vessel, by turning, than a glass cylinder can possibly 

^niceivej it can be mot^ ^^vl^ ^ssid to the rod; 
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moreover it possesses this great practical advantage^ 
that the mercury can be boiled in it, to expel the 
bubbles of air which, when it is first filled^ or after 
it has been packed up and removed, are very liable to 
adhere to its interior surface, displacing the mercury. 
In his experiments to determine the qualities of a 
pendulum, thus constructed, Mr. Dent*s attention 
was directed to the fact, hitherto unobserved, that 
the rate of the pendulum was singularly affected by 
radiant heat. He found that heat radiated from the 
fire of the room, in which his experiments were made, 
affected differently the pendulum having the glass 
Teasel, and that having the iron vessel ; the mercury 
in the former preserving a temperature always 5° 
higher, than that in the latter. The heat radiated 
from a lamp, was even sufficient to produce an in- 
equality of 2S and it was only got rid of, completely 
by screening both the fire and the lamp. 

Directed by this fact, Mr. Dent recommends that 
the cistern of the mercurial pendulum should always 
be hku^ened with a composition of lamp black and 
ipirits of wine. 

288* Harrison's Compensation Pendulum. 

In this pendulum, known as the gridiron pen- 
dulam, a system of bars, of steel and bretss, are com- 
Iniied in such a way, as that whilst the elongation 
of the tteel ban tends to depress the b<^ £ of the 
pendulum^ that of the brass bars tends to elevate it; 
and the lengths of these bars are so adjusted, that 
the depression ^us produced by the former, for toch 
d^ree of temperature, shall just be equalled by the 
eleration produced by the latter. 
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shaded lines in the accompany in g figure 
82, represeot the sieet bars, and the liglit 
lines the brctss bars. The penduluni 
is suspended from the cross piece 
A Bj to the extremities of which ue 
fixed the steel bars AC and B D^ 
carrying the cross bar C D» through a 
hole, in which the rod which carries 
the hob passes. On this cross piece 
C D, rest the two brass bars c a and 
d bt supporting the cross piece a h. 
Now, it is evident that the ckm 
piece a & ia d^mssed by the elon- 
gation of the rods A C and B D, 
carry mg with them the piece C Dj 
and that it is elevated by the elos- 
gatiop of the brass bars c a and d b, 
If then^ the bars were of such lengths 
that the elongation of the one paif 
should just equal that of the other* 
then the bar a b would exactly keep 
its place ; or if they were of such 
lengths that the elongation of the 
brass bars exceeded that of the steel bars, then the 
bar a b would be elevated^ and by a proper adjust- 
raent we might thus cause it to l>e elevated^ by 
any quantity we chose. Reasoning in the same 
manner, with regard to the nest pair of ihe steel 
bars of the system, and the next pair of brass bar$, 
it is apparent that, supposing the bar at a b to retain 
its position, we can cause the bar e d to retain its 
position, or to vary it in any way we like, by pro- 
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um control over the position of the bar e dj is ren- 

lered yet more perfect, by that which we possess, by 

L similar adjustment, oyer the position of a b. Being 

riiis able to give to the position o¥ ed any elevation 

we like for each variation of a degree of temperature, 

I we can cause it to raise itself by just as much tm 

that variation of a degree of temperature, causes 

tie single steel bar which carries the bob E, to 

l^longate; so that the hob itself shall accurately 

ematn at the same height. 

The proper lengths of the bars are easily calcn- 
a^tedj from the consideratian that the elongation of 
each pair of bars of bra^s, ultimately elevates the 
Ibar edf whilst that of each pair of steel barsj ulti- 
Imately depresses it Now there are three pair of 
Ibars of steel, and three of brass in the pendulum 
lb own in the cut ; moreover^ each pair of steel bars 
is loDger than its corresponding pair of brass bars, 
If then brass only expanded by the same quantity 
steel, for each degree of temperature, then the 
bar e d would be less raised by each variation of a 
I degree, than it would be depressed, or, on the whok\ 
j it would sink for each additional degree, instead of 
^^ising as it is required to do, Bras^ eloagatesj how- 
^Bcver, more than steel, for each additional degree of 
^Blemperature, and it is for this reason that it is used : 
^P^he expansion of brass is, for every degree of tem* 
perature, about fds that of steel. It is, however, 
a mistake to suppose that an adjustment of the rods 
which preserves the position of the bob E, pre- 
serves a uniformity in the oscillations of the pen- 
dulum^ That uniformity can only be produced, by 
E constant position of the ceriire of oscillation of the 
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whole. Now the variatioos of the lengths oi 
bars inclosed in the figure A C B D> necessarily 
duce a variation in the position of the ceotn 
oscillation of that figure, and, therefore of the wli 
pendulum. 
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CHAP. VI. 

BE RETARDATION OF MOTION — THE PRINCIPLE OF 
VIRTUAL VELOCITIES — THE MEASURE OF THE DYNAM- 
ICAL EFFECT OR THE ACTION OF AN AGENT — THE 
DYNAMICAL EFFECTS OF DIFFERENT AGENTS — THB 
MOVING AND WORKING POWERS IN A MACHINE — THE 
MOVING AND WORKING POWERS IN ANY MACHINE ARE 
EQUAL, ABSTRACTION BEING MADE OF THB RESISTANCES 
WHICH OPPOSB THEMSELVES TO THE MOTIONS OF THE 
PARTS OF THE MACHINE UPON ONE ANOTHER — THE 
MOVING POWER IN A STEAM-ENGINE — THE WORKING 
POWER IN A STEAM-ENGINE. 

289. The Retardation of a Body's Motion. 

F a body, having acquired a certain velocity by 
be action of any accelerating force, be brought to 
est, and then projected back again with an equal 
velocity, in such a way that it shall traverse in the 
/pposite direction the same path as it did before, 
being acted upon at the same points of its path by 
exactly the same forces ; but now in opposite direc- 
tions to its motion, as before they acted in the same 
directions, so as now to have become retarding in- 
stead of accelerating forces; then will these take 
away the force of the body's motion at the same 
places, precisely by the same quantities that before 
they increased it ; so that, in describing the same 
length of path, it will now lose as much of its velo- 
city as before it gained in that length of path. 
Thus, then, in the same length of path in which 
before it gained all its velocity it will now lose it 
iMf and will stop, of its own accord, precisely at the 
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fiatne point from wblch before U began to move* A 

stone, for instance, falling from any height to the 
ground, and then being projected upwards with a 
velocity equal to that whieh it acquired in falliji^ 
from tliat height, will ascend again (or, ratljefj 
would ascend, if the air offered no resistance to h 
motion) precisely to the same height from whicb it 
fell. For a like reason, if the body P (/^JS. 
art. 272,) be allowed to descend freely on the curve 
from P to A, and then projected back again from 
A towards P, with a velocity equal to that whicb 
it acquired in its descent, it will ascend (frictioi 
and the resistance of the air not being considered) 
precisely to P, and there of its own accord stop. It 
is manifest that exactly the same result must foUtjVj 
if, instead of projecting the body thus backward^ up 
the curve A P, we place another equal and similai 
curve at A, similarly inclinedj but turned the other 
way, so that the two shall form simdar branches of 
the same curve, like those D B and D C of the 
curve BCD ifig.lS. art. 274*): the body wdl then 
project itself up one of these curves with the velodt| 
which it has acquired in descending down the 
other, and villi asscetid upon the former to a lieight 
precisely equal to that from which it has descended 
on the latter ; so that, if it fall from B, then (fric- 
tioU; and the re^si stance of the air not being con- 
sidered} it will ascend to C- This reasoningi which 
is true of a body descending upon a curve, mani- 
festly applies to a body suspended to a string, and 
oscillating like a pendulum. This suspense ion b, 
indeed, but another way of causing the body to 
descend on a curve. 
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\HE Velocity of a Body's PRojECTiOir up 

RVE MAY BE JOUND BY OBSERVING THE 
HT TO WHICH IT ASCENDS UPON IT. 

(body be projected up a curve, and we observe 
rticaL beigbt to wKicIi it aaeends to Ime a.lLitii 
f of projection^ we know the height from 
^i must fall to acquire an equal velocity- 
^can fiud, then, \ihat the velocity of its pro- 
i was, for we can tell what would be the 
^ acquired in falling down the curve from 
served height ; that velo^^ity being the same 
lid be acquired in falling freely y or without 
tve, through that height- (See arts. 271* 
|7*) It is thus thatj in the Ballistic Pendulum 
15.), the velocity with which the pendulum 
[to move, and hence that with which the ball 
rikes upon it, is determined by observing the 
Uo which it first oscillates. The following 
^ent, illustrative of the principle stated in 
iticle, was made by Desaguliers, He took 
^ow cylinders, each of them closed at one 
ity, and, having filled them with gunpowder, 
led the open extremity of the one to fit into 
SB extremity of the other^ To similar points 
^dea of these cylinders were then attached 

of the same length, fastened at their other 
to the same point in a horiiontal astis ; 
'liole hanging freely from these strings, 

ipowder was exploded. 

force of motion communicated to each by 

ilOflion should, according to the principles 
in article 211*, be the same. Whence, 
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knowing their masses, might readilj be calculated 
the ratio of the velocities of the bodies immediateijr 
after the explosion, and hence the relation of the 
vertical heights to which they would afterwards 
respectively ascend. This calculation being made^ 
and the heights being observed^ the experiment and 
calculation were found accurately to coincide.* 

291. The Depth to which a Cannon or Mus- 
ket Ball enters into a Block of Wood, oi 
A Mass of Earth against which it is fired, 

VARIES AS the SqUARE OF THE VeLOCITT 

with which it impinges upon it. 

The resistance of such a mass is evidently the 
same, or nearly so, at every point to which the ball 
enters : it constitutes therefore a «nt/arm/j^ retarding 
force. Now, if the ball be supposed to emerge again 
from the mass into which it has been fired, com- 
mencing its motion from the point to which it has 
before been made to sink into it ; if, moreover, at 
every point of its motion of emergence it be ima- 
gined to be accelerated by a force precisely equal to 
that by which it was, as it entered, retarded at that 
point ; the resistance being, in fact, conceived to be 
turned in the opposite direction, and converted into 

• The object of Desaguliers, in making this experiment, 
was to verify that " law of mechanics which is known as that 
of the equality of action and re-action." The discussion of 
this law is advisedly omitted in this work. To every person 
acquainted with the elementary principles of algebra it will be 
apparent that in the experiment of Desaguliers, the heights 
to which the cylinders ascended should be inversely .as the 
squares of their weights. 



VIRTUAL VELOCITIES. 553 

iccelerating forces, then (art 289.) it will acquire, 
It the point where it actually emerges, a velocity 
precisely equal to that with which it before entered 
the mass there; since, moreover, the force with 
which it was resisted when it entered the mass was 
a uniformly retarding force, the force with which it 
will be accelerated, as, on this hypothesis, it leaves 
it, will be a uniformly accelerating force, like that 
of gravity, and subject to the same description of 
law. The velocity which it acquires in thus leaving 
it will then be equal to the square root of some 
constant number multiplied by the depth (art 267. )> 
or it will vary as the square root of the depth. 
Thus, then, the velocity of the first impact varies as 
tiie square root of the depth, and conversely the 
depth varies as the square of the velocity of im- 
ptet This fact was proved experimentally in a 
great number of instances by Robins. ( See Robin* s 
TracUy by Wilson, voLi. p. 152.) 



, 292. The Pbinciple of Virtual Velocities. 

The principle known by this name arises out of 
ftat relation between forces of motion and forces 
of pressure, which has been pointed out in the pre- 
ee&ig pages of thb work (art 253.). It embraces 
«fery question of equilibrium, and may be con- 
lidered as including the whole science of statics* ; 

* Hie prineiples of the parallelogram of forces, and the 
cfmlitj of moments upon either of which the whole science of 
f be considered to be founded, may readily be 
I irOiD it 

A A 
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and it is especially important that it should be 
known to practical men under its accurate and 
most general form, because vague and exceedingly 
erroneous notions of it are prevalent amongst 
workmen, and conclusions false at once in practice 
and in theory are deduced from it To unde^ 
stand what is meant by the virtual velocity of a force 
(which is the only difficulty in the matter), let a 
system of forces be supposed to be in equilibriam, 
and let the points of application of two or more ' 
of these forces be supposed to be capable of ^ 
placement, the displacement of any one point 
bringing about a displacement of the rest Sup- 
pose, moreover, a displacement of this kind to be 
actually made in the system, but let it be ao ex- 
ceedingly small displacement, so that all the move- 
able points of application afterwards occupy positioo» 
diflferent from those they occupied before, but ex- 
ceedingly near to them, and all the forces applied 
to them act in directions different from those in 
which they acted before, but exceedingly near to 
those directions. From the new point of appHcO' 
tion of each force, drop a perpendicular upon the 
previous direction of that force ; then the line 
intercepted between the previous point of ap- 
plication of that force and the foot of this per- 
pendicular, will be what is called the virtual 
VELOCITY of tlie force. This definition will be 
more readily understood by a reference to the 
accompanying diagram, where the arrows Pi p^^ 
Pa P«> Pa P5» P4 p4> P5 V&y a^e supposed tO represent 
forces in equilibrium applied to the points p^ p^ pa, 
P4, which points are supposed moreover to be 
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Me of displmctfnent under certain limitations, 
all ciisplacemeDt li made in one of the^e poiots 

nf application, as, 
for in,«itance, pj, 
"which IS moved 
y ^ to any other point 

jf 4 near \s> it, as q^, 

tlje force upon 
that point now 
acting in the di- 
rection Qj q^. 
Tht j» d isplaeem e nt 
of the direction 
and point of ap- 
fP'ication of one of the forces necessarily brings 
f abom a corresponding displacement of all the rest ; 
'^i^ir new positions are supposed to be represented 
°y Oil q^ Qa qj, Q4 <1« Qi qsj and their new points 
^* application by q^ qa q^ q^* From these last meii- 
^on^ points let perpendiculars qiV , q*v„ q^Vs, q^v^, 
I*'^^, be supposed to be drawn upon the previous 
tii^^ctions of the forces, or tliese directious pro- 
lufi^d if necessary ; then the lines piVj, psV.^, p^v^, 
**^^'*3 P5V5, inteTcepted> on the directions of the ori- 
Ein^j directions of the forces, between their points 
™ Application, and the feet of the perpendiculars, 
f^ the VIRTUAL VELOCITIES of their respective 
^'*^€s. This being thoroughly understood ^ the 
*nuiiQjation of the principle of virtual velocities 
>^^Oines easy* II is this ; — 

^^- If any Number, of Forces be uNOEa any 

^laCUMSTANCES IN EtiUILEBRlU&l, AHD TO 

A A 2 
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ANT OR ALL OF THEIR PoiNTS OF APPLICi- 
TION THERE 3E COMMUNICATED INDEFINITELY 

SMALL Motions in any Directions; thef 
THESE Forces, being each multiplied by its 
corresponding virtual Velocitt, and the 
Sum of these Products being taken ik 

RESPECT TO those FoRCBS, THE DISPLACEMENTS 

OF WHOSE Points of Application are to- 
wards THE Directions of their Forces, and 
THE Sum in respect to those whose Dis- 
placements ARE from the Directions or 
their Forces ; the one Sum .shall £<}UAI. 
THE other. 

Thus, referring to the diagram, let the forces 
Pj, P2,p3,..^be supposed to be respectively multi- 
plied * by their virtual velocities, piv„ pjVj, pjVs, P4T4, 
PdV^; then, it being observed that the displacements 
of the points pt^ ps, and P5, are towards the direc- 
tions of the forces acting upon those points, whilst 
the displacements of the points pj and p« are from 
the directions of the forces acting at those points ; 
by the principle of virtual velocities, the sum of 
the above-mentioned products, in respect to the 
first three; shall equal their sum in respect to th6 
two others. That is the sum of the products 
Pi by piVj, P3 by paVj, P5 by P5V5, shall equal the 
sum of the products. Pi by piVj, and P4 by p4V4.t 

It is evident that if the displacement of any point 
take pkbce actually in the direction of the force 

* It is here meant that the number of units in the force b 
to be multiplied hj the nuinber of units of length in the yir- 
toal Telocity. 

f This relation is expressed algebraically thus : — 



VlftT0AL %KLQCiT£BS. S57 

ftppUed at that pomt, the© the perpendicular will 
vanifibf and Ihe virtual velocity will be the aeiual 
dUpla€€ment of the point of application. 

If, for instance^ the point pt had been displaced 
not to qt^ but actually in the line of direction of the 
force P, or along the line P, pi to any point r, then 
pi r, the actual displficerneitt of the point of applica- 
tion of Pi would have been also its virtual velocity. 

If, moreover, the system to which the forces are 
applied had been such that, the point of application 
of any one being displaced actually in the lint of 
direction of that force, the pointi of application of 
all the rest should have been displaced in the Unit 
of direction of their respective ibrces, then the 
actual di^pkwemenis of all would have been their 

f'riual velocities^ 
A particular case of the principle of virtual 
Telocities may then be enunciated under the foU 
lowing form : — 

€i ifJieyi ifi^ rekaifm of the parU of a si/stem acted 
upon hif any number of forces is such that the potiU 
of application nf any am force being displaced in 
the line of the direction of that foTce^ then the dis- 
placements thereby produced in all the other points 
if application shall be in the lines of direction of 
their rcspnctive forces ; then each force beint^ multi' 
plied by its actual displacement^ the sftm of these 
products m respect to those whose displacements are 
from the directions of the forces shall eqwd the sum 
in respect to those whose displacements are tmeards 

Cwe directions" 
Th€ circumstances here supposed obtain in reaped 
almost ail the simple michaniCAL fowers^ ai 

A A 3 
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they are usually applied, and in respect to a g. 
number of compounded machines, especially si 
as act by animal power. 

Take, for instance, the yarious applications 
the systems of levers, shown in page 129. 1 
each, when the lever is first put into operation, th 
points of application of the power and weight an 
made to move in verticdl directions ; that is, in the 
lines of direction in which they severally act The 
virtual velocity of each is therefore its actual dit- 
placement, so that by the principle of virtual 
velocities the displacement or motion of the point 
of application of W, multiplied by W, is equal to 
the displacement or motion of the point of implica- 
tion of P, multiplied by P. 

Now, it is evident in Jig. 25., that since A i» 
eight times as far from the fulcrum as W, therefore 
the displacement of A must equal eight times that 
of W. Thus, then, it follows, that W, multiplied by 
the displacement of W, equals P multiplied by 
eight times the displacement of W, and therefore^ 
that W equals eight times P ; as it was shown to 
be by the principle of the equality of moments. 

Again, in^^. 26., since A is nine times as far from 
the axis of motion as W is, it evidently moves nine 
times as fast ; therefore, by the principle of virtual 
velocities, W, multiplied by the displacement of W, 
equals P multiplied by nine times the displacement 
of W, so that W equals nine times P, as it ought 

Again, in the wheel and axle (art. 135.^. 31.)* 
the displacements of the power and weight evi- 
dently take place in the lines of the directions of 
those forces ; these displacements are therefore the 
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virtttal velocities. So that by the principle of vir- 
tual velocities, W^ multiplied by the displacement of 
W, is equal to P multiplied by the displacement of 
P ; but it is evident that the displacement of W 
(being the length of string wound on the lesser 
cylinder) is to that of P (being the length of string 
wound off the greater cylinder) as ^ A to OB: 
hence it follows, by this principle, that W, mul- 
tipled by O A^ is equal to P multiplied by O B ; 
which relation was also shown to result from the 
principle of the equality of moments. 

If the relation of the parts of the system be 
such that after the first small displacement, causing 
all the various points of application to take up new 
positions near the first, the forces shall, under 
these altered circumstances, be still in equilibrium ; 
then a seeond small displacement, similarly produced 
In each out of its second position intp a third will, 
like the first, be subject to the principle of virtual 
velocities ; and if, in these third positions, they are 
in equilibrium, then a fourth displacement will be 
salject to the same law, and so on. From this It 
foQowSy that if the system be such that the forces 
qtplied to it are contirntaUy in equilibrium, through- 
out all the displacements to which they are sub- 
jected> then if/ after any number of such displace- 
InentSy each force be multiplied by the sum of all the 
▼irtnal velocities corresponding to these displace- 
ments, the equality spoken of before shall obtain 
between the sum of these products, in respect to 
diose displfusements which take place towards the 
direction of the force and the sum of those which 
takeplaceyWrni it 

A A 4 




the point F, that pointy supporting the eeatre of 
gravity of the whole system, and the whole be 
turned round into a series of new positions, dlferiDg 
slightly from one another, and represented by the 
dotted lines, then, since in each position the systeai 
will be in equilibrium, it follows, by the prmdplfi 
of virtual Telocities, that the weight B„ multiplied 
by the sum of the virtual velocities Bi Vi, Bj ¥„ &c.s 
shall equal the weight Aj, multiplied by the sum 
of the virtual velocities Ai V,, A» Vt, &c. Not 
the former sura is evidently equal to the vertical 
line B4N, and the latter to A4M ; thiis, then^ it 
follows that the product of B^N by Bj equals tht 
product of A4 M by A. 

If the displacements of all the forces of thff 
system take place actually in the lines of the opera- 
tion of the forces, and the equtlibrium remain after 
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▼ery displficement, then the condition of aji ez- 
^edingiy mtall displacement disappears from the 
munciailoii of the general principle. In this paj-- 
ieular case, each force being multiplied by its 
ictual displacement, however great it may be, the 
sum of thei^e products, in respect to those displaee- 
ments which take place towards the direction in 
which the force acts, shall equal the sum in respect 
to those which take place from that direction. 

This is the principle known to workmen, as that 
by which what is gained in power is lost in velocity. 
Its application is limited to the particular case 
last described ; applied beyond those Limits, it leads 
to serious errors. 

tAJl the systems of puUeys represented in Jig* 65* 
216. offer illustrations of it* In the first, the 
single fixed pulley, it is evident that the displace- 
ment of the power is exactly equal to that of the 
weight ; andj since the product of the former, by its 
dkplacement must equal that of the latter by its 
displacement, it is evident that to make np this 
equality the power must equal the weight* 

In the second system, the string which carries the 
power evidently lengthens by as much as the two 
stniigs which carry the weight, together shorten ; 
that IS, by twice as much as either shortens sepa- 
rately ; so that the dii? placement of the power is 
equal to twice that of the w^eight. By the principle 
of virtual velocities, then^ the weight multiplied by 
the weight's disphi cement equals the power multi. 
plied by twice the weigh t*s displacement ; so that 
the weight equals twice the power. 

In the fourth system, the power evidently descendt 
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Yi^ twooe w mmA m i^ fast soYeaUe pulley 



A^u&, ^iK laA maoau^ % tmee as much as the 
McoDd mipnaidilepxiIW w^OBiMk ^ «» that the power 
aanendt W ieor txmeB js mac^ as the second 
moveftbie palWy. Thb seomid ■BOTeaUe pullej 
jttogDck fflmilarK-., li^ xirwe js »«ieh as the third, and 
W ibin- imies as anieh aB the fcMBth ; so that, on the 
whfl^ It is c^ideui duft the power is dispbM^ by 
c^^ti3iiesas]inidhas^e««%ht. By the principle 
«f Tiitnal vdaritafgj, 1^ wie%ht^ Aea, multiplied by 
Ihe iroght^sdMiptopiafint, eqaiJs the power multi- 
plied hy e^lt lames tiie w^^lrt^*s displaceaient. So 
thai the w«k<*^ eqizak coght tones ^be power. A 
smDar method of waaoaiag may be ▼ery easily 
applied t» all the other systems^ except the thin^ 
which offers some diffienltr. 

In this system the displaeement of the power is 
made up of the lengthening of the string to which 
it is attached and the descent of the pulley over 
which that string passes Now, the lengthening of 
the string which carries the power results partly 
from the ascent of the weight, and is in this re- 
spect the same as in the last case of the angle 
moveable pulley, equalling twice the ascent of 
the weight ; and partly it results from the descent 
of the pulley over which it passes, in this re- 
spect equalling the descent of that pulley, and 
therefore equalling the ascent of the weight; so 
that, upon the whole, the string which carries the 
power lengthens by three times the ascent of the 

dght ; again, the pulley over which this string 

Mef descends by as much as the weight ascends, 
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So tbat altogether the power P descends by four 
times a^ much as the weight anceudE}, By the 
Briaciple of virtual velocities, therefore, the weight 
lualii four times the power, 

294- Of Machines. 

A machine is an aisemblage of parts destined to 
receive the operation of an agent* and to transmit it 
to the point where it ia to be appUedj modifying it 
in the transmission, according to the circum stances 
under which it is to be applied, Thus» in a ma- 
chine there are to be considered, 1st, the circuro- 
stances under which the operation of the moving 
power is received ; 2dly, the circumstanceH by 
w ill eh it 15 modified during its transmission ; Sdlyj 
the circumstances under which it ia applied at its 
working points- The power which operates directly 
from the agent we shall here call the moving 
POWER OR ACTION oa the machine ; the power ac- 
tually applied by the machine at its working points 
in the performance of its work, we shall call the 

ORKING POWER tjR ACTroK ou the machine. Jt 
is evident that the momng power produces jhe 
working powtty and uho tiie motion of all the parts 
if the machine, overcoming the ret^istances which 
itppose themselves to the motions of those parts ^ 
so that the working power is essentially less than 
the nwvhff power m all rasesj and in complex 
machines greatly leas, by reason of the great num- 
ber of surfaces which in those machines are made 
to move upon one another, and the great amount 
of the resii?tances which for that reason oppose 
themselves to their motion. 
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295. The State of the Motion of a Ma- 
chine IS, AT FIRST, A StATE OF ACCELE- 
RATED Motion. 

This is evident from the principles laid down in 
art 253. Each part of the machine must havci 
before it can move^ a force of motion or mo- 
mentum communicated to it, and such momentum 
being in its nature an accumulation of pressures, 
requires, in every case, time, and a series of im- 
pulses to its accumulation. 

296,. The Forces operating in a Machikk 
being in Equilibrium in every relative 
Position which the Parts of that Ma- 
chine CAN BE made to ASSUME, ANY MO- 
MENTUM OR Force of Motion thrown into 
THE Machine will remain in it contin- 
ually, umimpaired and unaltered. 

In the statement of this principle, all consider- 
ation of the resistance of the air is omitted, and the 
friction of bodies in motion is supposed not to be 
affected by the velocity of motion (see art 172.). 
The truth of it is immediately evident from the 
consideration, that the forces operating upon the 
machine — including the friction of its parts, and 
every other form of its resistances — being supposed 
in every position of its parts to be in equilibrium*, 
it follows that there cannot at any period of its 

* The equilibrium here spoken of, and eyery where else in 
this work, is that of the state immediately bordering upon 
motion. . 
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motion be any force opposing itself to the force 
of the motion* of its parts ; this force, then, bj 
the principle of the permanence ,of the force of 
motion (art. 193.), being once communicated, must 
remain in the machine unimpaired. 

If the forces operating upon a machine be not in 
the state of equilibrium bordering upon motion 
when motion is first communicated; or if this 
condition of equilibrium does not continue through- 
out the motion of the parts of the machine ; then the 
whole quantity of motion operating in the machine 
will continually vary ; if the power be in excess it 
will increase^ if the resistance be in excess it will 
diminish. In the former case the excess of the 
power over that necessary to produce equilibrium 
(remaining unopposed) continually generates addi- 
tional momentum ; in the latter case the excess of 
the resistance, over that portion of it which is over- 
come by the power, operating in a direction opposite 
to the motion, continually diminishes^ and even- 
tually destroys it. 

Although in the first period of the motion of a 
machine, the power operating in it may be greater 
than that which would produce an equilibrium with 
the resistance, yet practically, in every fnachine, 
that relation of these forces, which is necessary 
to their equilibrium (and which is accompanied by 
a permanence of the force of motion), grows up 
shortly after the motion has commenced. It is a 
LAW imposed in the economy of the creation 
around us, that no motion shall pass a certain 
fuilte limit. 

A few examples will render this sufficiently evi- 
dent: — 



SG6 ILLUSTRATIONS OF MECHANICS. 

A ship, when at resi upon the water, and with bcr 
anchor weighed, is in a state of equilibrium bo^ 
dering upon motion ; the pressures upon her bowi 
and stem are equal, and any force, however di^t, 
acting upon her horizontally in ^the direction of 
her length, would be sufficient to move her. Her 
sails are unfurled, and she Teceives the impulse of 
the wind, a power which, if it continued, as at 
first, unopposed, would continually accumulate ve- 
locity in her, until she flew through the water as 
fleet at least as the wind itself. That eqnilibriuiiiy 
however, of the forces upon her head and stern, 
which obtained at first, does not remain ; the forces 
upon the head, constituting the resistance, increase 
with the motion*, and those upoti the stem dimi- 
nish ; and in a short time the impulse of the wind 
upon the sails, and the pressure of the water upon 
the stem, come to be together precisely equalled 
by the increased resistance upon the bows. The 
state of equilibrium is now, then, reproduced ; and 
as long as it is kept up, the vessel moves on with 
the quantity of force of motion which it had when 
it passed into this state of equilibrium, unimpaired. 
Again, let us suppose a pulley suspended at any 
height, however great, above the earth's surface, 
and a string of equal length to pass over it, carrying 
at its extremities two unequal weights. Suppose 
the greater weight to be drawn up, and the whole 
machine then to be left to itself, the excess of the 
greater over the lesser weight will evidently be an 
unopposed powevy and will communicate motion to 
the system ; which motion, by the continual im- 
* They increase as the square of the vdocity. 
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palses of this power, would be continually acce- 
lerated, with no other limit than that of the height 
through which the weight is allowed to descend ; 
80 that by increasing this height we could accumu- 
late velocity and force of motion to any conceivable 
extent, were it not for the resistance of the air; 
this would effectually limit any such accumulation. 
It is a resistance which would be found rapidly to 
increase with the velocity of the descent, and which 
would soon become so great as entirely to baffle 
any further effort of the power to increase the ra- 
pidity of the motion ; in short this resistance would 
aooh pass into a state of equilibrium with the moving 
power, and from that period the velocity of the 
descent would be uniform^ becoming what is tech- 
nically called the terminal velocity. It is shown by 
theory, and has been confirmed by numerous expe- 
riments, that this terminal velocity of a descending 
body is very soon acquired, and is by no means a 
considerable velocity. Dr. Hutton has calculated 
that a leaden ball one inch in diameter, could not, 
by descending freely through the air (even if the air 
were every where of the same density as at the 
earth's surface) acquire a velocity of more than 
260 feet per second. This velocity it would acquire 
in falling through 2687 feet, or about half a mile.* 

* Theoretical deduction? on these subjects have been more 
or less confirmed by numerous experiments in artillery prac- 
tice. The method of the experiments was this : — Bullets 
fired vertically into the air, were received, on their descent, upon 
planks of soft wood, and the velocity of the descent was judged 
of from experimental data by the depths to which they sank 
in the wood. 
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We shall take as our third and last example the 
case of the Locomotive Carriage. 

The pressure which opposes itself to the motioo 
of a carriage upon a railroad, where the road is ac- 
curately level or horizontal, b about 8 lbs. per ton 
weight ; so that in a train weighing, carriages and 
all, 10 tons, there would not be more than 180 lbs. 
of resistance to be counterbalanced, that the whole . 
might be placed in a state bordering upon motion ; 
and, as the engine of every locomotive carriage b 
capable of producing upon its piston a far greater 
pressure than this, it might be imagined that this 
excess of power would produce a continually acce- 
lerating motion, and that when this had attained its 
greatest limit, consistently with the safety of transit, 
the steam must be thrown off, and the pressure re- 
duced to 1801b., to prevent any further accumu- 
lation. In reality, however, instead of the velocity 
of a locomotive being thus difficult to ' control and 
keep down to limits consistent with safety, it has 
been found impracticable to get it up even to those 
limits which public expectation had fixed itself 
upon, and which public convenience may be sup- 
posed to demand. To a preservation of the con- 
dition of the state bordering upon motion, it 
is necessary that the cylinder should be contin* 
ually filled and refilled with steam of the requisite 
pressure. Thus to a rapid motion a rapid pro- 
duction of steam becomes necessary ; and on thi< 
the dimensions of the fire-place and boiler, and th( 
force of the draught of air, soon place a limit 
Again the resistance of the air increases with th( 
square of the velocity with which the carriag< 
moves ; "'^ ***•* '^hen it moves with any considerabh 
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degree of velocity, the motion of the carriage comes 
to be opposed by this cause with a force adding 
itself to the resistance of its friction, and soon 
greatly exceeding it. The amount of this resist- 
ance on the broad surfaces of the carriages will be 
judged of when it is stated that it is equal to the 
the pressure which a wind, moving with the velocity 
of the carriages, would produce upon them at rest, 
if that wind moved exactly in the line of the road ; 
and) moreover, that, by the experiments of Smea- 
ton, a wind moving with the velocity of from 30 to 
35 miles an hour is a very high wind, almost 
amounting to a gale. 

297. The Dynamical Effect, or the Amount 
OF THE Action or Efficiency of any Agent, 
is measured by the Pressure which it 

EXERTS MULTIPLIED BT THE SpACE THROUGH 
WHICH IT EXERTS IT. 

For it is evident that the pressure exerted remain- 
ing the same, the action or effect will vary as the , 
tpace through which it is exerted, and that the 
space remaining the same it will vary as the pressure 
exerted ; thus, by the rules of proportion, when both 
vary, the action or effect will vary as their product. 

Thus, for instance, a horse drawing a loaded car- 
riage over six miles of road will exert a double 
action and produce a double effect when his load 
is doubled, and therefore his constant pressure 
upon it. doubled; a triple effect when he draws 
a triple load; a quadruple effect when he draws 
a quadruple load over this six miles of road, and so 

B B 
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on; 80 that the space he traverses remaiolDg the 
same, his effect will vary as ihe pressure which 
he applies. Again, his load, and therefore the 
pressure he applies, remaining the same, the effect 
he produces will vary as the sptxce he traverses. 
Thus if he draw the same load twelve miles instead 
of six, his effect will be doubled; if eighteen^ 
tripled, and so on. Since, then, his action or effect 
varies as the pressure he applies when the qtaee is 
constant, and as the space when the pressure is con- 
stant, it follows that when neither is constant it 
varies as their product 

Thus the dynamical action or effect of a horse 
which draws a load of 6 cwt. over two miles of 
level road, is the same with that of a horse which 
draws 4 owt. over three miles ; since 6 X 2 b equal 
to 4 X 3.» 

The dynamical effect of a weight of 4? cwt. acting 
to impel or to resist the motion of a machine 
through 10 feet, is to that of a weight of 5 cwt. acting 
through 12 feet as 2 to 3 ; since the product of 4? by 
10 or 40, is to the product of 5 by 12 or 60 in tliat 
ratio. 

• This equality may perhaps be understood better by some 
persons thus : the effect of 6 cwt. drawn over two miles is the 
same as that of 1 2 cwt. over one mile ; for whether two horses 
draw each 3 cwt. over the same mile or dcaw these over two 
successive miles, the same dynamical effect is evidently pro- 
duced. By exactly the same reasoning it is evident that the 
effect of 4 cwt. drawn over three miles is the same as that of 
12 owt. over one mile: both of these dynamical effects being 
therefore equal to 12 cwt. drawn over one mile, are equal to 
one another. 
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298. The Dynamical Efficiencies of dif- 
ferent Agents. 

There are two ways of speaking of the dynamical 
effect of an agent We may speak of it as the 
mean effect produced in a given period^ as for in- 
•tance, one minute of the operation of that agent ; 
or we may speak of it as the whole effect which 
that agent is capable of producing, before its ope- 
ration is withdrawn, or its powers become extinct 
In the former sense we speak of the mean effect 
▼faich a horse drawing a load is capable of pro- 
ducing per minute, or of the effect which a given 
quantity of fuel burning in the furnace of a steam 
eagine is capable of producing (by the interven- 
tion of the water and steam,) upon the piston per 
fldnnte ; in the latter sense we speak of the whole 
djnamical effect which a horse is capable of pro- 
dodiig during its life ; or a bushel of coals before 
it ia burned out 

S9i The Dynamical Effect of a Human 
Agent. 

Tfte muscular power of a man is usually made to 
opente either by his legs or his arms, rarely by 
both together. It has been estimated that by the 
action of his legs upon a treadwheel, he can raise 
Ua own weight, about 150 lbs., 10,000 feet per day ; 
irideh gives a dynamical effect of 1,500,000 per 
dajf or S125 per minute^ supposing the work to 
be continaed eight hours a day. 
A man who ascended a hill 10^000 feet high, 
B B 2 
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would do a good day's work ; a result which cor- 
roborates the preceding. 

In respect to the dynamical effect of a mas 
working with his arms, we have the authority of 
Smeaton, that a good labourer can thus raise S70lk 
10 feet high per minute; so that his dynamical 
effect is 3700; being somewhat greater with his 
arms than his legs. Desaguiliers makes the dy- 
namical effect of a man working with his arms, 
5500 per minute : this is, however, considered too 
high an estimate. 

300. The Dynamical Effect of a HorsE' ^ 

A horse drawing a weight out of a well overs 
pulley can, according to Desaguiliers, raise 200 lbs* 
for eight hours together, at the rate • of 2^ rm\^ 
or 13,200 feet, per hour. This gives for the dy- 
namical effect of a horse per minute 29,333. 

The usual estimate of the dynamical effect pef 
minute of a horse, called by engineers a horse'^ 
POWER, is 33,000. 

Mr. Smeaton states it to be 22,000. 

301. The Power of a living Agent to 
produce a given Dynamical Effect. 

A distinction must be made between the dy- 
namical effect produced by a living agent, and its 
power of producing that effect as affected by the cir- 
cmstances under which it is produced. Thusthe dyna- 
mical effect of a load of 200 lbs. raised by a horse for 
8 hours a day, at the rate of 2^ miles an hour, 
is the same with that of 20 lbs. raised for the same 
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period at 25 miles an hour ; but the power of pro- 
ducing this effect, considered as residing in the 
horse, is not the same ; in fact, the action exerted by . 
the horse to produce these two effects is different ; 
be has to carry the weight of his body^ lifting it 
a certain height at every step, much farther in the 
one case than the other. The distinction between 
the two, is that between the moving and the working 
power in a machine. The moving action or effect 
includes the motion communicated to the machinery 
of the horse's body, the working action or effect 
only that applied to the load. 

An animal is best capable of exerting its mus- 
eolar power against any resisting force, when it is 
at rest When it is in motion, a portion of its 
Biucular force is consumed in its motion. If the 
nte at which a horse is travelling per hour in miles 
be subtracted from 12, and the remainder squared, 
A number will be obtained, which will, it is saidy 
iqnesent the number of pounds of traction which 
tbe horse is capable of exerting, when it moves with 
this velocity. 

ThuSy if the horse be moving at the rate of 4 
mUes per hour, this number being subtracted from 
1% gives 8, which squared is 64. So that the 
hone could, according to this rule, walking at 
4m3e8 per hour^ be able to draw with a force of 64 
lbs. Now 4 miles per hour is 352 feet per minute* 
The dynamical effect per minute of a horse, thus 
dimwing, would then be 22,528. 

A waggon loaded with 86 tons, and therefore 
requiring a traction of ^ of this weight, or If tons, 
maj be drawn by 8 horses, at 2^ miles an hour^ 

BBS 
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for 8 hours daily. This gives a dyDamical ^fibet 
per minute of 41^066 for each horse. 

A mail coaeh^ of 2 tons weight, and travelling 
at the rate of 10 miles per hour, may be worked 
on a turnpike road both ways, by as many horses 
as there are miles of road. The dynamical effect 
per minute may in this case be calculated as be- 
fore: it will be found to be 8215, being scarcely 
} of the efifect which the horses would have been 
capable of producing at the slower rate of the 
waggon. 

S02. The Dynamical Effect of One Pound 
OF Coals. 

The power of heatf which slumbers among the 
particles of a mass of coal, is best called into 
operation as a dynamical agent by combining it 
with tvater under the form of steam. According 
to Mr. Watt, a bushel of coals (84 lbs.) will con- 
vert into steam 10 cubic feet of water, so thai 
8*4 lbs. is sufficient to vaporise 1 cubic foot. Now, 
1 cubic foot of water, according to Tredgold 
(p. 153.), will expand itself into 1711 cubic feet ol 
steam at temperature 212°, and retaining an elas- 
ticity equal to the pressure of one atmosphere. 
These 1711 cubic feet of steam are therefore capa- 
ble of propelling a piston of 1 foot square, ubdei 
the pressure of one atmosphere, through a distance 
of 1 7 1 1 feet. Now, the pressure of the atmosphere on 
a surface 1 foot square, is 2120 lbs. These 8*4 lbs. 
of coals, thus converting into steam a cubic foot of 
water, are capable therefore, through this inter- 
vention of the steam, of producing a dynamical 
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-effect represented by the product 1711x2120, or 
by S,627.S20- 

This effect being produced by 8'4-lbg , tbe eJFect 
of 1 lb. is obtained by dividing it by 8'4?; by lA^hlch 
division we find 431,82^ for the dynamical elect 
which I lb. of coals is capable of producing* 

303. The DvNAMtcAt Effect of aj^y Aomnr 

OPERATING THROUGH A MaCIIINE WHICH 
IdOVES WITH A Ul*IFOR^f MoTlONj-lS THE 
SAME WHATEVER THAT MaCHIKI MAY BB| 
PROVIDED ONLY THE RESISTANCES OFFOSE0 

TO THE Motions of the Parts of the 
Maciune by Friction and other ofpo&ino 

Causes be the same. 

For to the state of the uniform motion of a 
machine there ^ necessary that state of the equi- 
librium of the p reassures acting upon it which 
borders upon motion (see art*294.)» And tins 
state of the equdibriura of the pressiires acting 
upon the machine supposes, by the principle of 
virtual velocities, that the product of the power by 
ih^ apace it descnbe« should equal the sum of the 
products of the resistances* by the spaces they 
severally dci^cribe. Now, the product of any prts- 
sure by the space through which it is made to act 

is its DYNAMICAL EFFECTi 

■ The resiAtonce iipfjn any point of a machltie impHi^ « 
TorcNi actinK in a. direction opposite to tliut id whkli th^ motion 
of the piiini takes place. ITji: power and the reiiii^tiinces in 
lUe maciujit.' Uere spokcuofj are all supposed to opemte uetuaJlj 
ijBitki^ lines of direction m which ihe points to wbich they \ 
Pl^al move. 
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Including then, among these resistances, togethe 
with those upon the working points of the machim 
those offered by the/ne/ton^'of its yarioUs intei 
mediate moving parts upon one another^ the ui 
counterbalanced weights of certain of them whic 
are raised as the motion goes on, and the resistanc 
of the air upon the motion of all ; it follows ths 
the dynamical effect of the power is equal to th 
sum of the dynamical effects of the resistances 
and that separating the resistances upon the worl 
ing points ot* a machine from the rest of th 
resistances upon it, and supposing these last to b 
in every respect the same in different machines 
then the same agent operating eqtiaUy (that is, yni 
the same dynamical effect upon the receivin 
organ) through these different machines, will pr( 
duce the same aggregate dynamical effect upon tl 
working points of all. 

That the state of the uniform motion of i 
machine should have been attained is necessary 
the application of this principle, as is express 
stated in the enunciation of it.; for in that state 
acceleraiing motion which precedes the unifoi 
motion of the machine, the distribution of pressi 
and motion will vary not only with the frictic 
and uncounterhalanced weights of the parts of dif 
rent machines, but with their actual weights a 
dimensions, and the distribution of their dimensic 
in respect to their axes of motion (arts. 221. a 

225.). 

Since neither in these respects, nor in respect 
the frictions of their various surfaces of moti 
upon one another, or their uncounterbalan< 
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weights, can there be a positive equalitj^ between 
any two; and since in respect to machines gene- 
rally there is m all these respects a great inequality> 
It follows that generally the dynamical effects pro- 
duced upon the working points of d^fierent machines 
by equal operations of the same agent are not 
THK £AME; and, therefore, that to estimate the 
actually working effects of the same agent on 
different machines j It is necessary to know what 
portion of the dynamical effect, made to operate in 
each machine, is consumed in the resistafice^ opposed 
to the machine, dseivhere than at its working poiotg^ 
and with this view to distinguish behve^n the 
moving and working powers^ or ike d^natnical 
effects produced at the moving and at the worhing 
points; between the ErFECTS produced at the 

POINT WHfCH KECEIVES THE OPERATION OF THE 

agent and at the points which apply it. 

304', The Dynamical Epfect upow the movins 
Point, or the moving Power, in a Steam 
^-Engine. 

^^n a iteam engine the operation of the agent 
(the steam) is received upon the piston. To esti- 
mate the dynamical effect of this agent upon the 
moving point, we have then to determine the 
pressure of the steam upon the piston and the ve- 
locity in feet with which the piston moves per 
minute ; the product of these will give the dyna- 
mical effect upon the piston per minute* This is 
termed the power of the engine. Compared with 
the dynamical effect of a horse per minute, which 
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we ha'Te seen to be 33>0O0j it determines T?Lat i| 
called the txoRse^s power of the eogLne. Thert 
is very great difficulty, however, in determinlog 
the elasticity of the eteara in the cylinder and its 
actual pressure upon the piston. The steam gauge 
determines it under all circumstances with sufficient 
accuracy in the hoiler; but the elasticities of tte 
flteam in the cylinder and in the boiler are not the 
^ lame i the fonner is influenced by the rapid state 
of the motion of the steam through the naiTOff 
passage of the steam pipes and its expansion into 
the body of the cylinder, and especially it is in- 
fluenced by the greater or less opposition whicll 
the piston oiFers to this e^ansion. The dete^ 
mination of all these conditions is a problem of 
great difficulty » and as yet it is an «iwo?t'erf problem 
of practical meehanics- 

An instrument has indeed been contrived for mea- 
suring the elastic force of the steam in the cylindtri 
called the Steam Indicator, See TredgoM on ik 
Steam Engine (art. 560.), This instrument, at 
best but an imperfect one, although many yean 
ago used by Watt, has only, we believe, of late 
come to be employed to any esttent by steam engiDe 
manufacturers for estimating the powers of their 
engines. It appears to admit of improvement, and 
will probably before long be taken for the eonstaot 
guide of the practical engineer. 

We are not aware of any published experimenti 
with the Indicator of sufficient pn:^ci!?ion and au- 
thority to warrant their mention here. Whenever 
such experiments shall be made, valuable theoretical 
results cannot fail to be deducible from them. 
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It is customary for the engine maker to assume 
that his engine is made to work with a certain 
velocity of the piston and with a certain pressure 
upon it ; and different makers have been accustomed 
to assign different values to these quantities. The 
engioeB of Watt were made to work with a pressure 
of 7 lbs. on the square inch, and the piston to travel 
at 820 feet per minute. Tredgold gives, as the 
best velocity of the piston, 120 times the square root 
of the length of the stroke, in feet It is very ques- 
tionable whether any of these conclusions, consi- 
dered as theoretical conclusions, are founded on 
raffident data. 

Am an example of the calculation of the dynamical 
eifect upon the piston of a steam engine, let us take 
the following : — 

The cylinder of an engine has a diameter of 

S6 inches, and its piston a stroke of 7 feet, making 

16 doable strokes a minute ; the pressure upon the 

piston of this engine was shown by the steam indicator 

to average 10 lbs. to the square inch. From these 

data it may be calculated that the area of the piston 

was 1017'8 square inches, and the whole pressure 

upon it 10,178 lbs.; moreover, that it moved at the 

lite of 224p feet per minute ; so that the dynamical 

cfleet per minute produced upon it was represented 

by the product of these numbers or by the number 

S|S7ft872 ; which, taking the dynamical effect of a 

per minute to be 33,000, makes the horse^ 

is it is called, of the engine or the effect 

prodaoed upon its piston (not its working power) 

equal to that of 69 horses. The actual pressure of 

lOlhk per square inch upon the piston of this en- 
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gine was detemiiiied by Mr^Glyu with the steam hA 
dicatori The engioe was probably nrnde to work 
with 7 IbSi. or 8 lbs* pressure, and would have been 
called by tbe maker an engine of /35-horse power. 
Had this engine worked without friction of ita 
macbinery, this mnv^ing dynamical effect or moviDg 
power of 69 horses, would have been propa^teil 
through it without dimmution, and distributed 
among its working points, would have constituted 
its working or useful effects 

305. The Dynamical Effect upon the wokk- 

iNG Points or the working Powek of a 

Steam Engine. 

The dynamical effect produced at the working 
points in a steam engine » is equal to the sum of 
the pressures exerted there and performing the 
workj each being multiplied by the space over 
which it is made to operate. 

The following example is from the monthly re- 
ports of the working of the Cornish engines; it 
will j*ufficiently illustrate the method according to 
which this calculation is usually made.* , 

* In the year 181 1 j tbe principal mlnlug^ proprietor i^ I 
Cornwall dct^rmintd} with a view to the encouragement vO^ 
Bkilfui manuTacture and working' of cngin^^, to asccrtsiii tnfi^ 
mantbly rtports, made by competent persons and with, tlw 
requisite precautions^ and to make public, the useful effwl csf 
their respective eni^ines during that montli, together with the 
consumption of coah and the steam pressure in the cylipder, 
For this purpose a mechanical contrivance, called the cuankFi 
wa» anneited to each engine, and acourntelj' registered its 
Dumher of strokes ', and (his registration, with the tneasurtii 
dimension B of its pump and stroke, are sufiicient data kf 
determining ita u^ul effect, m shown in the above example. 
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e engine at the mine called tlie Wheal Hope, 
i three pumps, and the length of the stroke of 
b 8 feet ; their pistons support and Uft, at 
stroke^ columns of water^ whose joint weights 
17,766 Ibs.j and in the month of December 
p the J are stated to have niade26l}890 strokes, 
le it may be calculated that the velocity of 
istons was 4-6 '9 feet per minutCj and 27 j 766 lbs, 
iter being moved with this velocity^ that the 
ing effect per minute, was the product of these 
lumbers, or 13,022,254'. 

the whole distance travelled by the pistons in 

tonth had been multiplied by the mean pressure 

them, so as to obtain the whole working ef- 

n the mcnthf and this product had been divided 

le number of bushels of coals consumed In 

pionth, which was 1242, the quotient would 

been the working effect of each bushel of 

in that engine, and it would have been found 

46^838,^^4^* This number is called the duty 

enginep It includes in its amount not only 

jualities of the enginCj but of the fuel, and the 

omy of the stokers in the use of it ; and espe- 

K it would seem to depend upon the greater 

is escape of the heat, by radiation from the 

lee of the boiler- 
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fiACTJCAL Method of determiniko tub 
fNAMicAL Effect at any workinq Poikt 
I A Machine, or the working Power 

^RATING AT THAT PoiKT, 

I 

the work be thrown off from the shaft which 
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conveys the power to that working point** whose 
dynamical effect is to be estimated. Let then t 
fiiction'Strap or break-wheel, such as that shown in 
the accompanying figure^ to which is teonnectfid 

Fig. 85. ®l> 




the rod or bar A B, be placed upon the shaft, snd 
its revolution with the shaft being prevented by 
the stop D, let the strap be tightened upon the 
shaft by means of the screw B, until the motion of 
the machine is again brought back by the friction 
of the strap, exactly to what it was before the work 
was thrown off, a fact which will be indicated by 
the shaft making now precisely as many revolutions 
per minute as it did then. This being accomplished, 
it is certain that the friction of the strap is pre- 
cisely equal to the resistance of the work ; and that 
the power before expended in performing the tDorhj 
is precisely equal to the power now expended in 
overcoming the friction of the strap. It only re- 
mains, therefore, to determine this last. For this 
purpose let a weight be suspended from the ex- 
tremity of the rod, and gradually increased, until 

* The power will, in the majority of cases, be found to be 
conveyed to each working point of the machine by such a 
shaft, which may be considered as the channel along which it 
flows. In any case where it is not, a shaft may be introduced 
and made the medium of communication, for thi express pur- 
pose of thip admeasurement. 
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tbe rod at length descends from the stop D, (against 
vhich it has hitherto been pressed^ and by the re- 
. ststance of which the friction of the strap has hi- 
therto been overcome,) and assumes the horizontal 
poBition shown in the figure. An equilibrium then 
manifestly exists between the weight E, acting on 
the arm of the lever C F^ and the friction, acting on 
the circumference of the shaft* From this relation, 
the friction upon the shaft may at once be calcu- 
lated; and this friction in pounds, multiplied by 
the distance in feet, traversed by the circumference 
of the shaft per minute, gives the dynamical effect of 
thefHction at the shaft, and therefore the power upon 
the woridng point, which was to be determined. 

307. The Theory of the SteXm Engine. 

Could we determine from a knowledge of the di. 
mensions, and the cpmbination of the parts of a 
steam engine — its cranks^ axles, levers, pistons, 
&C. — and the frictions of their surfaces of 
contact, the conditions of the equilibrium of the 
pressures acting in the machine, when in its 
state bordering upon motion ; could we, in fact, 
determine accurately, under the form of an ana- 
lytical expression, that precise relation which ex- 
ists between a power operating upon the piston 
of a steam engine, and the resistances opposed to 
the motion of the machine at its working points, 
when motion is about to ensue by the power over- 
coming the resistances at those points — friction 
being of course rigidly^ included in the compu- 
tation ; and did this analytical formula or com- 
putation apply itself to all the various positions ot 
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the piston, and therefore of the beam, CTank, levefi 
&C. ; then we should know accurately under what 
eteam pressure upon the piston the engine would 
perform any given work, and one of the most im- 
portant elements of the theory of the steam engine 
would be determined* 

The next step in the investigation would he to 
findj if it were possible, from given diraeosioDi 
of the furnace and boiler, the quantity of steaffi 
which the engine would produce, and throw per 
minute into the cylinder, of such a density as to 
its elasticity should be sufficient to produce the re- 
quired pressure per square inch upon the pistoji* 
Every time the cylinder was filled with steam of 
this density, the piston would be driven along it; 
and the number of times per minute that it would 
be so filled, would be known by a comparison of 
its capacity with the quantity of steam of the same 
density J generated per minute in the boiler^ The 
pressure upon the piston being thus known, and its 
velocity, the whole moving and workinf^ effect of 
the engine, would seem to be known, and its theory 
completely determined. 

Three important elements in the computation 
have, however, been bere omitted: — 

1st* The temperature u rider which the steim 
fills the cylinder influencea greatly its elasticitfi 
and therefore its pressure upon the piston. 

-Sdly, The velocity under which the steam pasaea 
through the steam -pipe, from the boiler to the 
cylinder, controlling as it does the supply of st«am 
to the piston J and depending for its amount upon 
the relative densities of the steam tn the boiler amt 
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cylinder, of necessity influences the result; and must 
be supposed to do so appreciably^ until the contrary 
is proved, or at least rendered probable. 

Sdly. The elasticity of the steam in the cylinder is 
undoubtedly, in some degree, a.nd probcibly to a great 
extent, affected by the state of motion produced in 
it by the influent jet of steam from the steam- 
pipe; and, like the last, this disturbing cause must 
be supposed to have an appreciable amount, until 
the contrary is proved. 

These conditions, thrown into the problem, greatly 
add to its difficulties, and appear to place it far 
beyond the limits of any solution which has yet 
been offered. 

Of the various discussions of the theory of the 
steam-engine which have been propounded for the 
guidance of practical men, there are two which 
may here be noticed; — those of Mr. Tredgold and 
M. de Pambour. 

The theory of Mr. Tredgold appears to assume, 
that the steam pressure upon the piston is wholly 
controlled and governed by the pressure in the 
boiler, and entirely independent of the resistance 
upon the piston. It is scarcely possible to extract 
any other meaning from the calculation given by 
that author of the working or useful pressure on 
the piston of a non-condensing engine*, (see 
Tredgold, art 367.) unless, indeed, the whole effect 

* The following is the calculation ^ven by him of the 
cfibctive or working pressure upon the piston (that is, thepres- 
■ire upon the piston, deducting the friction of the parts of the 
eoffne md the resistances opposed to its motion by aU other 
I acting to transmit it). 

C C 
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of the resistance on the piston^ upon the steam prei- 
sure, be supposed to be ineluded in hia detennm 
ation of the first small element, '0069 of the calcu- 
lation. 

According to this calculation, the <ictual pressuie 
of the steam upon the piston, neglecting the eflfect 



The cfF<3r;t]ve prefigure upoa the piston is less than that latin 
buUer, considered as unity. 

By the force producmg mdtioik df the steam 

mto tlie cylinder ^ , • "0009 

By the cooling in the cylinder and pipes - O160 

By the frictiun of the piston and waste * *SOO0 
By the force required to expel the vteatti 

into the atmosphero - - » 'Q0S9 
By the forcg' eipeiidL^d in opening vf^vc^ 

and friction of tlie parts of the engine - "OdSS 
By tbe steozn being cut o& before the ter- 
mination of the stroke - - ■1000 

'3920 

To the expression in the text of the opinion he has fonmed ] 
of the principlea on which this calculation of the power of 
A ^team-engine and others of the same class are fuunded, iJii^ 
author begs here to add, that it is by no mean.i his wLdb ta 
be considered as cutettdinpf thiis opinion to the general eha* 
racter of Mr. Tredjrold's work. That work contains a f*st 
mass of practical informatioTi, which will be sought for in taIx 
else where ; iind tho many admirable plates and valuable pipers 
which have been adikd to the kst edition of it^ published by 
Mn Weale, will no doubt obtain for it a place in the librsrj 
of every man interested in the progress of practical sci^noe. 
NeverthelcHS, in justice to the real interests of scknce, tbe 
aurhor is compelled to express 5ui opinion that every single 
question connected with the theory of the steam-engijie ou^ht, J 
in the existing stute of our knowledge, U> be reeeived wjtli J 
distniit and caution. 
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of cutting off the steam before the tcrniination of 
the stroke, is only less than that in the boiler by the 
tmall fraction '0229. 

Now the pressure in the boiler can be measured^ 
and thence that upon the piston caleukUedy allowing 
the loss of this small fraction of its amount in pass- 
ing from the boiler to the cylinder^ so as to deter- 
mine the moving dynamical effect or moving power 
of the engine according to Mr. Tredgold's rule ; 
and it would be found, by comparing it with the 
workmg dynamical effect, or working power, to 
amount only to ftrom one third to two thirds of it 
To reconcile the two, then, enormous allowance 
must be made by those who adopt this rule for 
Action and other causes opposed to the motion of 
the engine. 

Mr. Tredgold accordingly assigns to the piston 
alone a friction amounting to no less than Jth 
of tiie tHiole pressure upon it, and to the friction 
of the machinery by which the motion of the piston 
b transmitted 7$xfths. Whence it may be calcu- 
lated, that if an engine had a working power of 
100 horses, 40 would be necessary to draw its piston 
alone, and 12 to move the remaining portion of its 
machinery. (See De Pambour*s Theory of the 
Steams-Engine, p.7*) 

It is due to the interests of science to state that 
these calculations appear to be grounded in no 
sound or recognised principles : they are deduced 
from formulae which are to be considered as scarcely 
more than empirical, and which do not appear to be 
borne out by the practice of the steam-engine. 

The theory of M. de Pambour makes the elas- 
cc 2 
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ticity of the steam in the cylinder to depend en- 
tirely upon the resistance which the piston opposes 
to it, and the motion of the piston to be governed 
entirely by the quantity of steam generated by the 
engine per minute, at a given temperature, which 
he calls its vaporising power. The elasticity of the 
steam in the cylinder is, however, dependent upon 
its temperature as well as its density ; and to com- 
pare it, and therefore the pressure upon the pistoD, 
with the vaporising power of the engine, it is neces- I 
sary to establish a relation between the two. | 

M. de Pambour states, from numerous experi- 
ments made simultaneously with the thermometer 
and manometer, applied both to the boiler of ^ 
steam-engine and also to the tube, through wbic^ 
the steam, after having terminated its effect, escap^^ 
into the atmosphere, that during all its action i^ 
the engine the steam remains in the state technically 
denoted by the name of saturated steam; that is, i^ 
remains at the maximum density ybr its temperatare^ 
This fact, on the discussion of which it is impossible 
here to enter, establishes the required relation of 
density and temperature, and leads to a solution of 
the problem under the conditions supposed. 

If confirmed by subsequent observations, it can- 
not but be considered a very, valuable addition to 
the theory of the steam-engine. 
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TABLE L 

COKPBXSSIONS PftODUCtD IN DirFSKIllT SuBSTAVCEt BY BACH 
ADDITIONAL PbbSSVBB OF ONB AtMOSPHBRB, MBASURBD IN 
MlLUONTHS OF THE WHOLB VoLUlfB OB BuUC. 





OBMrrsD. 




i 


SulMtances experi- 
mented on. 


mmontbi. 


Substances experi- 
mented on 


MiQionths. 




Mercury 

Alcohol 

SulpburetofcarfooD 

Water 

Sulphuric ether - 


30 

461 

GO 


Uerevaj - - 
Sulphuric ackl 
Nitric acid 
Ammonia 
Acetic acid 

tVater fVeed from air 
Nricric ether 
Essence of terebin- ) 

thum - ^3 
Acetic ether 
Hydrochloric ether^ 

under the Utj 

Ditto, under the 9th 

atmosphere 
Alcohol under the 

Ist atmosphere - 
Ditto, under the gth 

atmosphere -j 
Sulphuric ether un- 5 

der theistatmo. 

Ditto,ditto,attAnp.) 
lioeent -i 

Ditto, under 84th) 
atmosphere, at 
temp. (P cent. -3 


5-3 
380 
32-2 
34-7 
42-2 
49-5 
61^ 
71-5 

730 
71-5 

85-9 

82-5 
96-5 
6S- 

133-0 

141-0 
150-0 



c c 4e 
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TABLE IL 

LlQUIFACnOK OF THX GaSXS. 





Temperature in 


Preonreatwlikfa 


Name* Of the GMet BqueAed. 


Degrees of the 
Centig. Ther. 


liquefiKiiflBis 

pRMUKedinAt. 

mosplieraL 


Sulphurous acid 


7 


2 


Cyanogen 


7 


S-6 


Chlorine - - - 


15-5 


4 


Ammonia 





5 


The same . . . 


10 


6*5 


Muriatic acid 


-16 


SO 


The same 


- 4 


25 


The same 


10 


40 




-11 


20 


The same 





36 


Nitrous oxide 





44 


The same 


7 


51 



TABLE IIL 

EXTENSIBILITY. ' 
EXPIRIMBMTS ON THB DI&CCT EzTIKSIBIUTT OP WoOD AHD 

Iron. 





g 






Substance extended. 




5 
ll 


Name of 




g| 






Sa 


m 




Barsofoak 




1176 


MinaidandDeracmo, 


Ironwire^ Na 18 (in caOdes) 




91 


Vicat. 


— 17 — 




85 





Bariron . - ^ 




82 


r Engineen of the Font 
I des Invalides. 


>— • • 


15 


2500 


^naidandDeKurmes. 


m^ • . . 


18 


10000 




» • • , . 


20 


20000 


«_ 


» . . - 


23 


50000 


^ 




25 


xupture 


~- 
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TABLE IV. 

EzFXftlMVNTS BT Mft. BaKLOW ON THI DIRECT EzTINSIBILITT 
OF WBOUOHT I»Oy.* 



' 


ParU of the Bar extended by each additional Ton, in 




MiLUOMTHt of the whole Length. 


Extending 

W^btin 

Tom. 


BARS ONE INCH SQUARE. 


Bar No. I. 


Bar Na II. 


Bar Na HL 


Bar No. IV. 


1 














S 


20 





160 


150 


8 


62 


73 


150 


130 


4 


93 


80 


130 


140 


5 


109 


90 


120 


140 


6 


110 


110 


110 


130 


7 


— 


90 


120 


100 


8 


93 


80 


120 


80 


9 


•» 


100 


120 


elasticity 


8 








destroyed. 


BARS TWO INCHES SQUARE. 




BarNaV. 


BarNaVI. 


Bar No. VII. 


180 


150 


125 


10 


140 


120 


110 




12 


110 


100 


50 




14 


110 


80 


50 




16 


110 


85 


50 




18 


s 110 


80 


105 




20 


100 


75 


100 




22 


100 


70 


95 




24 


100 


75 


95 




26 


100 


80 


95 




28 


95 


80 


95 




30 


90 


95 


95 




32 


95 


95 


90 




34 


85 


110 


85 




36 


75 


full elas. 


90 




38 


95 


ticity. 


95 




40 


145 
elasticity 
exceeded. 




95 
elasticity 
perfect. 


1 



* CTompfled trom a Report addressed to the Ditectoti ot MSca Ijsd^ 
t Railway, FeUove$, IBS&, 
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Mean Extension per Ton, per Square Inch. 

BfiUiontlu. MiUiontlii. 



Bar No. I. 


. 


- 98 


Bar No. V. 


. 108 


II. 


. 


- 90 


VI. - 


- 95 


III. 


. 


- 101 


VII. - 


- 84 


IV. 


. 


- 97 




— 



Mean - - 96 



Mean - 94 



On tfaeae extremely valuable experiments, Mx, Barlov h4s 

made the following remarks : -.— *' Collecting the results •/ 

these seven experiments, and reducing fhem all to squaae 

inches, we find that the strain which was just sufficient t> 

balance the elasticity of the iron, was in-— 

Bar Na L (re4nanQflu;tured iron) 10 tons. 

XL ditto . 11 tana. 

lit new bolt . 11 tons. 

IV. ditto 10 tons. 

v. ^manufactured) 9*5 t«n>. 

VI. ditto, ftom old furnace iNirs 8'25 tons. 

VIL new bar, by Messrs. Gordon 10 tons. 

We may consider, therefore, that the elastic power of good 
iron is equal to about ten tons per inch, and that this force 
varies firom ten to eight tons in indifferent and bad iron. It 
appears also, (considering *000096 as representing in round 
numbers lu^th) that a bar of iron is extended ^oio^fth part of 
its length by every ton of direct strain per square inch of its 
section ; and, consequently, that its elastic limit will be fully 
excited when it is stretched to the amount of ^jugth part of its 
length." 

" We have seen, that with about ten tons per square inch, a 
bar is stretched ^i^Qth part of its length, and its elasticity 
wholly excited or surpassed. Again, admitting 76^ to be 
the extreme range of the thermometer, in this country, be- 
tween summer and winter, it appears from the very accurate 
experiments of Professor Daniel, that a bar of malleable 
iron will contract or expand with this change of temperature* 
by s^th part of its whole length.** Now, by the preceding 
experiments it appears that a bar extending by thb firaction 
of its length would exert a strain of five tons per square 
inch on its abutments. Such, then, is the strain which a bar, 
fixed between two immoveable obstacles in winter, woidd 
exert agiunst them '« «..«»«ier. 
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TABLE V. 
Twt TnrAemaB of UFrBKiivT Substances, and thb Rxsiti- 

AJrCXS WHICH THIT OPFOSS TO DWXCT CoMTAXflAXOW. 



SubstaDMS experimented on. 



n 



ill 



Wrooriit bon, in wireflrom ) 

1-IOth to l-SOth of an f 

Inch in dUmeter - J 

In wire 1-lOth of an inch 

in ban, RuMian (mean) 

English (mean) 

rolled In iheets, and cut 7 

lenffthwiae j 

ditto, cut crouwite 

In cbaini, oral IlnliiAn. ) 

deaTtiron 1| in. dia. J 

ditto, Brunton's, irithi 

stay across linlc . 3 

Cast Iron, quality No. I. 

9. 

S.* 

Bel, cast 

castandtUted . 

Mistered and hammered 

shear 

raw 



ditto, once refined 
dittos twice refined 



Gold, cast 



yeUow (fine) 
Gun metal (hard) 
Tin, cast 



milled sheet 



60to91 

56 to 43 
87 
25} 

30 

14 
18 
Sli 

£5 

6 to 71 
6to8 
6to9| 

44 

90 

S* 
57 

50 

31 

36 

44 

w 
21 

27* 
17 
18 
17 

9 
14 

8 
16 

2 

3 
4^ths 

n 



Lami 
Telford 



Brunei 
Mitis 

Brown 

Barlow 
Hodi^nson 

Mitto 
Rennie 

Bfitis 

Rennie 
Kingston 
Guyton 

Rennie 

Tred^ld 



S8to41 
57 to 46 
51to65 



Hodgkinson 



Rennie 



73 
7 



* The stronges t ouality of cast iron i^a Scotch inm known as the Devon 
Hot Blast Na 3. : » tenacity is 9| to6s per square inch, and its reslstanSa 
to oompresdon 65 tons. 
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TABLE V.'-'e(miinu$d. 



SulwtanoM experimentedon. 

1 


^ i 

III 


ll 


M 


II 


Leadwire - - - 


u 


Ouyton 






Stone, slate (Welsh) 
Marble (white) 


57 








4 


. 


1-4 


Bennie 


Givry - - - 


1 








PortUnd - - - 


1 




1-6 


.. 








8-4 


mm 




. . 




£•7 


mm 


Cornish granite 


. , 




2-8 


■M 


Peterhead ditto 


. ^ 




37 


.. 


LimestcneCcompact blk.) 


„ . 




4 


.. 


Purbeck ... 


_ . 




4 


.^ 


Aberdeen granite 


. _ 




5 


m^ 


Brick, pale red 

red - - - - 


•13 




•56 
•8 


z. 


ditto (burnt) 


- - 




1 
14 


,— 


Chalk . . - - 


. . 




•22 


_ 


Plaster of ParU 


■OS 








Glass, plate . . . 


4 








Bone (ox) . - . 


2*fi 








Hemp fibres glued together 


41 








Strips of paper glued together 


13 








Wood, Box, spte. gravity '862 


9 


Barlow 






Ash . . . -6 


8 


__ 






Teak - . - -9 


7 


_ 






Beech - - '7 


5 


«_ 






Oak . . - -92 


5 


mm 


17 


mm 


Ditto - - -TT 


4 


_ 






Fir . • - '6 


5 


__ 






Pear . . '646 


n 


^ 






Mahogany - -637 


__ 






Elm - . - - 


^ 


, 


•57 


mm 


Pine, American 


6 


. 


73 


mm 


Deal, white 


6 


- 


•86 


"* 



Torsion. 

M. Savart has shown, in a series of experiments, detailed 
in the Annaka de Chimie, August, 1829» on the toruon of 
bars of different sections and dimensions — 

1st. That the angles of torsion are in every case propor. 
tional to the forces of torsion, so long as the torsion of the 
bar remains within the elastic limits. 

2dXj. That in bars of the same section, subjected to the 
same forces of torsion, the angles of torsion are directly pro- 
portiotud to the lengths of the ban. 
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TABLE VI. 
ExmiifXMTa bt M. Dulsau upon the Angli or Tok- 

SION IK BaKS of IftOK. 



MttaraortheSpedmcn. 


Length of the 
Fart twisted. 


Side of Square, 
or Diameter 
ofCyUnder. 


Angle of Tor. 

by a Pressure 
of221bs.act. 
at a Leverage 
of l-SS Feet 


Bound iroiit Enfflishf ) 

Bound iron, Perigord 
Square iron, English,) 
marked C 2 - J 
Square iron, Perigord 
Flat iron, English - 


Feet 

7-9 

9-5 

, 13-5 

8-3 
9-6 


Inches. 
•78 
•91 
•79 

•d 

1-32X-337 


Degrees. 

4 
3 

S-8 
11-4 



TABLE VIL 

EXPEKIMKNTS BT Mk. G. BkNKIX ON TUB BUPTURB CK SqUABX 

Baks op oippbrbut Metals bt Torsion: the Force 

BEING MADE TO ACT AT THE EzTREMJOT OF A LeYER TwO 

Feet in Lenoth. 



D*3Cri|jUo*i or Material, j ^^!^ '^^ 



Ircxn cast, horizoEltally 
Tertically - 
horiaonuUy 



/ 



I 



horieontdly 



Steel 
Wrought irotit English 
, Swedish 
Gun metalp hard 
Yellow brasSf £ue * 
fCopper, cast . . j 



tnchei. 


i 



1 
6 


10 





o 



o 



mt of Mwi Weight 
tiquar? ' producifiR; Hup- 
SecikDb. [ lut6. 
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TABLE VIIL 

Ezn&iMXNis BT Mr. Bkamah ok thz Ruptuhb bt Tob- 
sioir OF Squabs Babs bt Wbiohts acting at a Lbtxb- 

AGB OF ThABB FbBT. 



DeMriptioB of Bfaterialr 


Length of 
Piece. 


Side of 
Squara 
Section. 


Weight 
prodacinf 
Ruptura 




Inches. 


Inches. 


JUm. 


Cast iron, alloyed with J^th ) 
of copper - - J 


12 


Ifc 


815 


- 


24 


llh 


213 


Mixture of equal parts of} 








old Adelphi and Alfre- [ 


12 


^i 


S30 


ton - - . 1 








- 


12 


1* 


SIO 


- 


24 


ll\l 


280 


Cast iron 


12 


1 


238 


- 


24 


1 


218 



TABLE IX. 

Experiments by Mr. Dunlop on the Rupture by Tob- 
sioN OF Cylindrical Bars of Cast Iron, with Weights 

ACTING AT A LEVERAGE OF FOURTEEN FeET TwO InCHXI. 



Length of the 
Bar. 


Diameter. 


Weights produc- 
ing Rupture 


Inches. 


Inches. 


Lbs. 


2| 


2 


250 


H 


n 


384 


3 


H 


408 


3 


2} 


700 


4 


31 


1170 


5 


Si 


1240 


5 


H 


1662 


5 


4 


1938 


6 


4i 


2158 
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Me. HoDOKmsoM's Exfsrimxmts ov thx Mmcuakkal 
Pbopsaties or Case Ib4>v. 

The experiments of Mr. Hodgkinson and Mr. Fairbaim 
have been published, in the Serenth Report of the Britisdi 
Asaoeiation of Science, since our chapter on the strength of 
materials went to press. Their great practical importance 
will sufficiently account for their introduction here, as an ap- 
pendix to tiiat chapter. They have reference— 

1st. To the resistance of cast iron to rupture by extennon. 

2d. To the resistance of cast iron to rupture by compres- 
sion. 

3d. To ^e resistance of cast iron to rupture by transverse 
strain. 

4th. To the destruction of the elastic properties of the 
material as the body advances to ruptUre. 

5th. To the influence of time upon the conditions of rup* 
ture. 

6th. To certain relations of the internal structure of metab 
to their conditions of rupture. 

7th. To the relative properties in all these respects of hot 

▲ND COLD BLAST IRON. 

The experiments on tension and compression were made by 
means of a lever constructed for the purpose by Mr. Fair- 
baim, and admirably adapted to its use. A table given at 
the end of this paper contains their principal results. 

From this table it appears that the resistance of cast iron to 
rupture by extension varies from 6 to 9 tons upon the square 
inch ; and that to rupture by compression from 36 to 65 tons. 

A series of experiments was directed to the verification of 
the commonly assumed principle, that the forces resisting rup- 
ture by extension, are — the mkterial being the same — as the 
areas of the sections of rupture ; and tiiey appear fullY to bsM^ 
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established this principle, not only in respect to iron but to 
wood. 

The experiments of Mr. Hodgkinson on trantven e stnun 
present less of novelty and importance ; they ftiUy, however, 
confirm the views previously taken on this subject by hiiii« 
and detailed in articles 66. 68, &c. A series of them, directed 
to the verification of the commonly assumed principle^ ** diat 
the strengths of rectangular beams of the same width, to resist 
rupture by transverse strain, are as the squares of their d^tha," 
fully established that law. 

With regard to the destruction of the elastic properties of 
the material, as it approaches to rupture, the experiments d 
Mr. Hodgkinson possess great interest and importance. 

It has been asserted by Mr. Tredgold, and commonly as- 
sumed, that this destruction of elastic power, or displacement 
beyond the elastic limit, does not manifisst itself until the 
load exceeds one third the breaking weight, 

Mr. Hodgkinson found that, in some instances, this e£Eect wss 
produced, and manifested in a permanent »tt of the material, 
when the load did not exceed one sixteenth of the breaking 
weight. Thus, a bar one inch square, supported between 
props 4 J feet apart, which broke when loaded with 496 lb., 
showed a permanent deflection, or set, when loaded with 16 lb. 
In other cases, permanent sets were given by loads of 7 lb. 
and 14 lb., the breaking weights being respectively 364 lb. 
and 1120 lb. These sets were therefore given by ^ and 
jljth the breaking weights respectively. Thus, then, there 
would seem to be no such limits, in respect to transverse strain, 
as those known by the name of elastic limits ; and it follows 
from these experiments that the principle of loading a beam 
within the elastic limit has no foundation in practice. 

It was ascertained by a very ingenious experiment, that a 
bar, subjected, under precisely the same circumstances, to ex- 
tension and compression by transverse strain, gave, for equal 
loads, equal deflections, in the two cases. 

The most remarkable results on the subject of transverse 
strain were^ however, those of Mr. Fairbaim, having reference 
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to the influence of time upon the deflectbn produced by a 
given load. 

A bar one inch square, supported between props 4^ feet 
apart, and loaded with 280 lbs., being about {ths its breaking 
weight, had its deflection accurately measured, from month 
to month, for fifteen months, and it was found that, through- 
out that period, the deflection was coktinuallt increasing ; 
the whole increase in that period amounting to the fraction 
*043 of an inch. A bar of the same dimensions, similarly sup- 
ported, and loaded with 336 lbs. , being about |ths of its break* 
ing weight, increased its deflection similarly, ,and in the same 
period, by the fraction *077 of an inch. Another similar bar, 
loaded with about {ths the breaking weight, similarly in- 
sreased its deflection by the *0S8th of an inch. The de- 
flection o£ these bars still daily advances under the same loads, 
and, a sufficient period having elapsed, will no doubt proceed 
to n^ure, A fourth bar of the same size was loaded with 
448 lbs., being very nearly its breaking load. It bore it for 
thirty-seven days, increasing its deflection during the first few 
days by the fraction *282 of an inch ; thence retaining the 
ittme defUetion until it broke. 

The &ct thus established, that a beam loaded beyond a 
oertain limit continually yields to the load, but with an exceed- 
ingly slow progression, unless the load very nearly approach 
the breaking load, is one of vast practical importance; it opens 
an entirely new field of specukOion and inquiry. The ques- 
. tionsy what are the limits of loading (if any) beyond which 
this continual progression tot rupture begins 9 what are the va- 
rious rfltfettif progression corresponding to different loads beyond 
that limit? and what are the effects of temperature on these 
eurcumstances ? remain, as yet, almost unanswered. 

Another interesting feature of Mr. Hodgkinson's experi- 
ments has, however, reference to certain relations of the in^ 
temal structure of cast iron to the conditions of its rupture. 

In the compression of short columns of different heights, 
and of the same diameter, he' found that where the height ox 
the oolumn exceeded a certain limit, the crushing force be- 
D D 
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came eonwtantt not varying as the height of the oolamn w» 
increased, until it reached another limit; at whidi seoood 
limit the column began to yield, not strictly by the cnishing, 
but by the bending of its materiaL 

The Jirat limit was a height of little less than three tiiiies 
the radius of the column ; the second limit was about six 
times the radius of the column. For colunms of di£&reiit 
heights, between these limits, and having. equal diameten^ 
the force producing rupture by compression, was nearly the 
game. When the column was kss than the lower limit, tiie 
crushing force became greater ; and when it was greater thiD 
the higher limit, the crushing force became Uae. 

These ^ts were at once explained by an examination of 
the fragments of the ruptured columns. In all cases where 
the height of the column exceeded a certain limit, the sectioo 
of rupture was found to be a plane inclined at nearly the 
same angle to the axis of the column. The mean value of 
this angle was 55>^t and in no case did the inclination of the 
section vary from that angle more than S°. 

Now the limiting height of the column at which this 
oblique section first began to be distinctly and oompletdy 
made, was precisely that (equal to three times the radius) at 
which the force producing rupture became independent of 
height. One of these facts, indeed, completely explains the 
other. For every height of the colunm above that limit, the 
section of rupture being a plane inclined at the same angle to the 
axis of the column, was a plane of the same size ; so that in 
each case the cohesion of the same number of particles was to be 
overcome, that the rupture might be produced; andthec<diesion 
of the same number of particles being to be overcome under 
the same circumstances for each different height, the same 
force would be required to overcome that cohesion ; until at 
length that height (six times the radius) was attained at 
which the column began to bend. This height once reached, 
a pressure continually less as the column was longer beeam^ 
of course, sufficient to break it. 

This property is not, however, limited to cast iron ; similar 
experiments were made by Mr. Hodgkinson, and by Rondelet» 
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with oolunms of wrought iron, wood, bone, marble, and other 
stones, and with the same result 

Although the angle with the axis of the direction of rupture 
was always the same, yet the particular position round the 
axis in which the section was made was not the same. 
There may evidently be an infinite number of such planes 
round a given point in the axis of the column, all in- 
ellned at the same angle of 55° to its axis ; and there is no 
leason, in the nature of the material itself provided it be 
homogeneous, why it should affect one of these planes of 
section rather than another. In the majority of cases one of 
these planes of section will, however, be determined in preference 
to the rest, by some want of homogeniety in the material, oi 
by some imeqwdity in the distribution of the compressing force 
upon the top of the column. Still such a particular determina- 
tion of the section of rupture may not possibly present itself. 
In that case, the rupture, having no tendency to take place in 
one direction rather than another, will take place in all direc- 
a 8fi tions at once ; and thus the sur&ce 

of rupture will assume the form of 
the sur&ce of a double cone, of 
which the two component cones have 
a common apex, and from which the 
sides of the column will break away. 
In the accompanying figures are 
represented the firagments of a column 
which broke under these circum- 
I in the experiments of J^r. Hodgkinson. 
In the case of rectangular columns, the section of rupture 
iHQl manifestly be the narrowest section which can be made 
St the given inclination, or that sloping towards the nar- 
roWbr fiuse of the rectangle; because a section inclined at 
the same angle, but sloping towards the wider &ce, would 
oppose to rupture the cohesion of a much greater number of 
particles than the other or narrower section. In the majority 
of cases, this section will be made from one end of the top 
of the column rather than the other ; but it mtt.^ takft ^\3a«^^ 
from both enos at once. This case occutreA, too, va ^e «v- 
penaaentt otMr. Hodgkinson, and is lepxeseoXe^i^ vxi ^iJsv^ ^^^'^ 
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where the two plane 
rupture from the oppc 
ends of the top of theoc^u 
are seen crossing one > 
other at the centre, ai 
dividing the column int 
four wedge-like 
The last cut 
fragments obtained in t 
similar experiment with a shorter rectangular colunui, where 
the height was not sufficient to allow of the one part tUding od 

the other along its jdane 
^y"\J^' ®®'^^^^\^ of fracture. Thus it became 

ms^^ ^v. illw ^^V apparent that the materiil 
Bjlllll^^ tj^^ had its first and easiest 

^Hnii ^^iiiilr^l ^c^^oi^ o^ fracture at a 

^•^IIIIJI J ^"lillllll^J^^^ given angle of inclioatioD 

^^^ to the direction of the pres- 

sure ; so that its first and 
easiest fiticture would take place, if allowed to do so, by the 
sliding of one portion of it on the surface of another, at a 
given angle of inclination to the axis of the pressure. And thus 
was completely explained the great increase of the strength of 
the column when it was so short (less than three times the 
radius) that one portion could not thus slide upon the other, 
the height of the column being less than the perpendicular 
height of the true plane of section, the upper portion was, in 
this case, manifestly prevented from sliding upon the lower, by the 
resting of its base upon the mass which supported the column. 

Now not the least interesting feature of these experiments is, 
that their results had long ago been anticipated by theory. 

It is evident that when a colunm sustains a pressure in the 
direction of its length, the tendency of the colunm to yield, by 
the sliding of one portion upon the other along an oblique 
section, will be influenced by two causes: Jirat, it will be 
greater as the inclination of the section to the direction of 
the pressure is less; on the principle, that the tendency of a 
heavy mass to slide upon an inclined plane is ^eater, as the 
inciijiation of the plane to tVie vett\c«l Hs Xeaa-. »e«mdU|, \xW^ 
be less as the iiicli'»«*ion of tXi© a«gl\oii to Vha «a««^Ao\x c!t ^^fe* 
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, presfure is leas ; inasmuch as the number of the cohering par- 
ticles in such a section, and therefore the actual coherence of 
the whole section, is greater as the section is more oblique. 
Hius, then, by the operation of one of these causes, as the 
section is more oblique, the tendency to slide along it is 
gnater, and by the operation of the other it is less. There 
must then be a particular obliquity of section for which these 
causes most effectually neutralise one another, and the tendency 

' to rupture is the least. The position of this section was dis- 
cussed by Coulomb, as early as the year 1773, (M6moires des 
aavaos Etrangers, 1773,) and was found, neglecting the weight 
of the material of the colunm, and the friction of the sur&ces 
which slip upon one another, and considering only the coherence 
of these surfaces, to be inclined at 45° to the axis of the column. 
Allowing for the effect of friction, and supposing, as is rery 
probable, that under these circumstances of intimate contact 
it gives a limiting angle of resistance of 90°, this theoretical 
result of Coulomb is brought precisely to the practical result 
of Mr. Hodgkinson, giving 55° for the obliquity of the section 
offiracture. 

A yet further confirmation of this &ct is found in some ex- 
periments of Professor Daniel, detailed in the first volume of 
tilie Journal of the Royal Institution. Having immersed some 
rectangular bars of hammered lead for a considerable time in 
mercury, the solid metal became saturated with the fluid. 
Any firiction which the two surfeces of any section, slipping 
upon one another, might have had, was thus taken away 
by the intervention of the mercury, and the cohesion of the 
particles of the bar was so destroyed, that it could not 
sustain its own weight. Under these circumstances the 
tiieory of Coulomb evidently points to an angle of 45^ as that 
at which the surfiuses should slip. This is precisely the angle 
at which they were found to slip. 

From these ikcts it is apparent, that if columns be taken of 
different diameters, and of heights so great as not to allow of 
their bending, but yet sufficient to allow of a perfect separation 
of tbe plane of firacture ; that is, if they be taken of heights 
lying between three times and six times tVie t^^Im^ cfl «!&sSa\ 
tbett tbeir strengths being as the numibets oi ^««\as^s» 'ydlSJoko. 
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planes of fracture respectively, will be aa the areas of tiiflse 
planes ; moreover, the planes of fracture being inclined at equal 
angles to the axes of the cylinders, their areas will be as the 
transverse sections of the cylinders ; so that, in fiict, the airmgAt 
of the columns will be as the areas of their transverse seetioos. 
This law Mr. Hodgkinson verified. Thus, finr instancfl^ the 
mean of three experiments upon a column ^ of an inch in 
diameter, gave for the crushing force 6,426 lbs., whilst the meia 
of four on a column | of an inch in diameter, gave 14,54211Mb 
The diameters of these columns were as 2 to 3 ; these sections 
were, therefore, as 4 to 9 ; and this is near the ratio of the 
crushing weights. 

A series of experiments was directed by Mr. HodgkiosM 
to the verification of this law, usually assumed in ttspeti 
to the transverse strength of rectangular beams, that, when 
their lengths and breadths are the same, their strengths are as 
the squares of their depths. 

His experiments fully establiidied this law. Thus he placed 
between prop^ 4 feet 6 inches apart, castings of Carron iroa 
No. 2., which were all 1 inch broad, and respectively 1, 3, and 
5 inches deep ; these broke respectively with weights of 452 lbs., 
3,843 lbs., and 1 00,50 lbs.; which are very nearly as the numben 
1, 9, 25; that is, as the squares of the depths. 

The following table contains a general summary of the results 
obtained by Mr. Hodgkinson, in respect to the direc\ strengths 
of hot and cold blast iron to resist compression and extension. 

TABLE X. 



DMmptioii of MetaL 


III 


d 

m 


RmdD. 


Devonian. No. 3. Hothlut 

BuffijTy rjrjn. No. L Hoi blut 
Ditto, No, i. CoJd biflit 

Coed-TalOEi Iron, No. ^ Hot bijut 
DitiP Cfilfl btait 

(^rrnn Iran, Nd. £, Hot blait 
DIttxi ColdbLast 
Ditto, No, 5. Hat W&st 
DStlo Colri kjla*t 


82;7S4 
31,770 

l(>fi.375 
133,440 
H5,443 




B'43Ill 

4-337:1 
8 0.17:1 

7 'SIS: I 
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TABLE XI. 

GiNKRAL Summary of Results, as DERirxD from thi 
exprrimknts ok tramstxasx strength of hot and 
Cold Blast Irons. 





Ratio of the 


Ratio of the 


Description of Metal 


strengths, that of 
the cold blast being 
represented by lOXX 


powers to sustain 
impact (cold blast 




being 1000). 


Carron iron, No. 2. 


1000: 990-9 


1000 : 1005-1 


Devon, No. 3. 


1000 : 1416-9 


1000: 2785-6 


Buffery, No. 1. 


1000 : 930-7 


1000: 962-1 


Coed-Talon, No. 2. - 


1000 : 1007 


1000 : 1234 


Ditto, No. 3. 


1000: 927 


1000: 925 


Elsicar and Milton 


1000: 818 


1000: 875 


Carron, No. 3. 


1000: 1181 


1000 : 1201 


Muirkirk, No. 1. 
Mean 


1000: 927 


1000 : 823 


1000 : 1024-8 


1000 : 1226-3 



On the whole, then, it appears that the strength of hot blast 
iron to resist transverse strain is greater than that of oold- 
blast iron, in the ratio of 1024-8 : 1000; and that its strength 
to reast impact is greater, in the proportion of 1226-3 : 1000. 



On the Chemical Composition of Hot and Cold Blast 
Irons, as analysed bt Dr. Thompson.* 

The following cUlSerences of the two descriptions of metal 
resulted from the investigations of Dr. Thompson: — 

1. The specific gravity of hot blast iron is greater than that 
of cold blast iron, by about the 22d part. 

2. It was found that manganese, silicon, and aluminum 
were united with carbon in the composition of aB cast iron ; 
but that, of these foreign ingredients, carbon, silicon, and 
aluminum entered into the composition of the hot blast 
uon in a much less proportion than into \Yv^ c«M.>^vasX\task.\ 

• Report of Brit. Ass. Sd. vo\. "y\. 
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in short, that the hot blast was greatly purer than the cold 
blast iron. 

The mean result of five analyses of dijfferent irons gave for 
the hot blast iron No. 1. the proportion of 6^ atoms of iron** 
to I oi carbon, silicon, aluminnm ; and for the cold blast iroo 
No. 1. the proportion 3^ : 1. 

The proportions in which carbon, silicon, and aluminum 
entered into the cM blast iron were 4, 1, 1 ; and those in 
which they entered into the hot blast iron, 12, 5, 2. 

No trace of ^e ingredients silicon and aluminum was 
found by Dr. Thompson in the best steel; but only the iron, 
manganese, and carbon ; and he gives it as his opinion, that 
the union of tl^ese two ingredients, silicon and aluminum, in 
all English iron, is the reason why good steel can never be 
made from it. 

Dr. Thompson gives the fiallowing explanaticm of the 
economy of the hot blast : — 

** The whole of the oxygen of the air of the hot blast com- 
bines with the fuel as soon as it enters into the furnace ; whilst 
the oxygen of the air of the cold blast is not all consumed im- 
mediately, but makes its way upwards, and is gradually con- 
sumed in its ascent, producing a scattered heat, which is of no 
use in smelting the iron, but serves only to consume the fuel. 
When the hot blast is used the combustion is concentrated towards 
the bottom of the furnace ; with the cold blast it is much more 
diffused. Hence the reason of the saving of the coals in the 
former case, which constitutes the great advantage attending 
the new method. This greater concentration of the combus- 
tion must subject the iron to a greater heat than when the 
combustion is more scattered. Hence the greater rapidity of 
the process, and consequently the additional quantity <^ the 
cast iron obtained from the furnace in a given time.** 

* With the iron is here included the small fractional prc^xtrtton of man. 
ganese. 
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TABLE XIIL 
Ths Horixontal Thrust or a Srmicirculas. Arch whosi 



EXTRADOS IS A 


Horizontal Straight Link. 


Values 
of 
AB 


HotUOMTAL TrRDST. 


1 '^ ^1 


t 1 


BD ^ 


BD ^ 'BD „ jBD BD IbD 




BD .^ 


ssO 


--==01! aaO-a 


— «0"3 — =0-4' — =0-5 


sslt 


AC 


AC 


AC 


AC 


AC :AC 


AC 


AC 


0-05 


008174 


014797 


0-21762 


0-28877 , 0-36060 


0-43277 


079541 


010 


0-10279 


0-16370 


0-22568 


0-28862 


0-35164 


0-414S1 


0-73161 


015 


0-11894 


017480 


0-23111 


0-28764 


0-34429 


0-401(» 


O-68S04 


o-«o 


0-13073 


0-18191 


0-23322 


0-28460 


0S3603 


0-38747 


0-64488 


0-25 


0-13871 


0-18553 


0-23237 


0-27922 


0-32607 


0-37293 


O-e07S7 


0-30 


014333 


0-18604 


0-2«^4 


0-27145 


0-31416 


0-35687 


0-57041 


0-35 


0-14054 


018379 


0-22258 


0-26140 


0-30023 


0-33907 


0-53335 


0-40 


01«22 


0-17913 


0-21415 


0-2492* 


0-284J7 


0-31953 


0-49560 


0-45 


014124 


o-naio 


0-20374 


0-23520 


0-26674 


0*29835 


0-45893 


0-50 


0-13649 


016396 


0-19168 


0-21957 


0-24760 


0-27573 


0-41728 



Note.^This and the following table are extracted from the work of M. 
Oaridel, entitled Tables de la Poussee des Voutes. Pari^, 1837. 



TABLE XIV. 
The Angle of Rupture in a Semicircular Arch, tbb 

ExTRADOS being A HORIZONTAL STRAIGHT LiNE. 















J 


> 






/^ 


j"0\ 


Values 
of 
AB 




Angles op Rupturb. 




'^_ 


y, 




C 


BD „ 


BD ^ iBD 


BD ^„ 


BD 


BD BD 




— ^=0 


— - =0-1 -j7-,=0'2 


—-=0-5 


— =0-4 


— -=:0-5—=l 


AC 


AC 


AC |AC 


AC 


AC 


AC^' ,AC 


005 


680° 


59-190 


54 040 


51-15° 


49-350 


48 20°! 45-740 


0-10 


65-4 


60-48 


5770 


56-01 


54-93 


54-17 


52-34 


015 


640 


61-3 


59-7 


58-69 


58-0 


57-49 


56-21 


0-20 


6.5-1 


617 


60 88 


60-30 


59-90 


59-60 


58-80 


0-25 


62-24 


6176 


61-44 


61-22 


61-05 


60-94 


60-59 


0-30 


61-3 


61-42 


61-5+ 


61-60 


6166 


61-67 


61-81 


0-35 


6017 


60-80 


61-21 


61 -.54 


61-78 


61-98 


62-56 


0-40 


58-8 


59-8 


60W 


ftU^S 


i ^VA& \ ^VS\ 


V m-^ 


0-45 


57-32 


58-53 


5945 \ HD-\9 


\ QCi-«> \ 6V-S& \ ^-^ ^ 


0-50 j 


5563 


56-97 


58-t9 \ 58'^ 


\ 591^ \ ^-^ \ ^-^ 
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EXFBKIMXNTS ON FrICTION, MADE AT Mb1*Z IK THK TlABt 

1 831 , 1 832, ' 1 833. M. Morin. 

These experiments, into the mechanical details of which more 
precautions were introduced, and in which greater mechanical 
accuracy was probably attained, than in any which have pre- 
ceded them ; and In the measurement of the results of which, 
a&d the separation of the friction of the moving body from the 
various other elements which complicated those results, admir- 
able theoretical skill and ingenuity were exhibited *, — have 
plaeed the question of friction entirely in a new, and a far 
more satisfactory position than^ it has before occupied^ They 
were made at the expense of the French government, under 
the most favourable circumstances, by methods which have 
been fully and clearly detailed ; and however opposed they may 
be in their results to all former experiments, and especially to 
those of Coulomb, it is impossible not to yield to them the 
greatest confidence. 

The principal conclusions drawn from these experiments 
may be stated as follows : — 

lliey show the friction of two surfaces which have been for 

a considerable time in contact to be not only different in its 

amount^ but in its natwcj from the fjriction of surfiices in con- 

iinuous motion^ especially in this, that this friction of qui- 

* escence is subject to causes of variation and uncertainty, from 



* The eonirivonce, flrit voggested by M. Poacelet, trr which the motion 
of the moving surface was made to record itself through ail the variations 
of its velocity, as the weight whicti communicated motion to itacceleiated 
or retarded its descent, is one of the most remarkable and the most valu^. 
ble contributions which theory has ever made to practical mechanics : for 
the details of it the reader is referred to the work of M. Morin, entitled 
** Nouvelles Experiences sur le Frottement." Paris, 1833. Bachdier. 
tlAM instrument admits of being applied under a modified fbrm to deter- 
mine the action or working dynamical effiect of any part of a maehhie in 
motion ; its determinations may be extended to every period and circum. 
stance of the motion. Applied by a very simple contrivance to the cylin- 
der of a steam engine, it would serve admirably the purpose of a steam 
iikUcator, recording wHh preeision every varying effort of the moving 
power, and indicating the exact period' or the motion when eseb such effort 
was made. Results thus obtained Uom an extensive series of exf eclm«tkta( ' 
would constitute a body of facts inoaittable as tacit ol t«l«t«D!0» \a ^<b 
eMl engineer. 
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which the friction of motion is exempt. Tbis yariation doei 
not appear to depend upon the extent of the surfiwes of ood- 
tact ; for, with different pressures, the ratio of the friction to the 
pressure, or the co-efficient of friction, as it is called, varied 
greatly, although the sur&ces of contact were the same.* TIm 
uncertainty which would have been introduced into every 
question of practical mechanics, and especially of constroetiao, 
by this consideration, is, however, removed by a second very 
important fiu^ developed accidentally in the course of the ex- 
periments. It is this, that by the slightest/or or shock, the moit 
imperceptible movement of the surfaces of contact, their friction 
is made to pass from this state accompanying quie§eene» into 
that entirely different state of friction which accompanies 
motion ; and as every machine or structure of whatever kind 
may be considered to be subject to such shocks or impercep- 
tible motions of its sur&ces of contact, it is evident that the 
state of friction to be made the basis on which all questions of 
statics are to be determined, should be that last mentioned, 
which accompanies continuous motion. Now the laws of this 
friction, thus accompanying motion, are shovm by the ex- 
periments of M. Morin to be of remarkable uniformity and 
precision, and that, under an extensive range of variation, as 
well in the pressures by which the sur&ces are held in contact, 
as in the dimensions of those sur&ces. They are these, — 

1. The friction accompanying the motion of two sur&ces 
between which no unguent is interposed, bears the same pro- 
portion to the force by which those sur&ces are pressed to- 
gether, whatever may be the amount of that force. 

2. This friction is independent of the extent of the sur&ces 
of contact. 

3. Where unguents are interposed, a distinction is to be 
made between the case in which the sur&ces are simply 
unctuous, and ti» intimate contact with one another, and the case 
in which the sur&ces are wholly separated from one another 



* Thus, fbr instance^ in the case of oak upon oak with parallel fibres, 
the co-efficient of friction of quiescence varied under diSbrent pretsuicia 
but upon the lame surfoce, fhmi 55 to *?& 
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by an interposed stratum of the unguent. If the pressure upon 
a gurfiice of contact of given dimensions be increased beyond a 
certain limit, the latter of these cases passes into the first ; the 
stratum of unguent being pressed out, and the unctuous sur- 
&ces which it separated from one another being brought into 
intimate contact. As long as either of these two states remains, 
the laws of its friction are not affected by the presence of the 
unguent ; but in the transition from the one state to the other, 
an exception is made to the independence of the friction upon 
the extent of the sur&ce of contact ; for supposing the extent 
of two sur&ces of contact, between which a stratum of unguent 
is interposed, and which sustain a given pressure, to be con- 
tinually diminished, it is evident that the portions of this pres- 
sure which take effect upon each element of the surfaces of 
contact will be continually increased, and that they may thus 
be so increased as to press out the interposed stratum of unguent, 
and cause the state of the surfiu;es to pass into that which we 
have designated as unctuous, thereby changing the co-efficient 
of friction. That law of friction, then, which is known as the 
law of ** the independence of the surfiEice," is to be received, in 
the case where a stratum of unguents is interposed, only within 
certain limits. 

It will be understood, from what has above been said, that 
there are three states, in respect to friction, into which the 
sur&ees of bodies in contact may be made successively to pass : 
one, a state in which no unguent is present; the second, a 
state in which the surfaces are unctuous, but intimatdy in con- 
tact ; the third, a state in which the sur&ces are separated by 
an entire stratum of the interposed unguent. Throughout 
each of these states the co-efficient of friction is the same ; but 
it is essentially different in the different states, as will be seen 
Gram the following tables. 

4. It is a law common to the friction of all the states of 
contact of two surfaces, that their friction, when in motion, is 
altogether independent of the velocity of the motion. M. 
Morin has verified this law, as well in various states of contact 
without interposed fluids, as in cases where water, oils, grease, 

ss 4 
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glutinous fiquidsb syrupy pitdi, &c.» were interposed in a eo»- 
tinuous ttmtum. 

The variety of the droumstanees under which these laws 
obtain in respeet to the friction of motion^ and the aocuiaey 
with which the phenomena of motion accord with them, may 
be judged of from one example taken from the first set of ex- 
periments of Bl Morin upon the friction of sm&oes of oak 
whose fibres were parallel to the direction dT their motion upon 
one another. He caused the surfiices of contact to vary tiidr 
dimensions in the ratio of 1 to S4, from less than 5 square 
inches to nearly S square feet ; the ft>rces which pressed them 
together, he varied from 88 lbs. .to 2205lbs., and the velocities 
of thei/ motion, fit>m the slowest perceptible to 9*8 feet per 
second — causing them to be at one period accelerated motions, 
at another uniform, at a third retarded; yet throughout all this 
wide range of variation, he in no instance found the eo-efficient 
of friction to deviate firom the same fraction of 0*478 by more 
t^ j!|th of the amount of Ihat firaetion. 
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TABLE XVII. 
EiPiuMSMTs OH THx Frictiok OF Ukctuous SimrAcxs wr 

M. MORIN. 

& these experiments the sur&ces, after having been smeared 
inth an unguent, were wiped, so that no interposing layer of 
the unguent prevented their intimate contact. 



SURFACES OF CONTACT. 



FRicnoif o» 
Motion. 



11 



Faicnonor 

QflBaCBMCB. 






Oak upon oak, the fibres being pa- 1 

railel to the motion - - i 

Ditto, the fibres of the moving) 

body being perpendicular to the > 

motion - - -3 

Oak upon elm, fibres parallel 
Elm upon oak, ditto 
Beech upon oak, ditto 
Elm upon elm, ditto 
Wrought iron upon elm, ditto 
Ditto upon wrought iron, ditto 
Ditto upon rast iron, ditto 
Cast iron U|)on wrought iron, ditto 
Wrought iron upon brass, ditto 
Brass upon wrought iron 
Cast iron upon oak, ditto 
Ditto upon elm, ditto, the un- ) 

guent being tallow - -3 

Ditto, ditto, the unguent being i 

hog's lard and black lead - j 

Elm upon cast iron, fibres parallel - 
Cast iron upon cast iron 
Ditto upon brass . • 

Brass upon cast iron ... 
Ditto upon brass - - 

Copper uj>on oak 
Yellow copper upon cast iron 
Leather (ox hide) well tanned upon > 

cast iron, wetted . - -3 

Ditto upon brass, wetted 



0-108 



0-143 

0-136 
0119 
0-330 
140 
0-138 
0-177 



eoic 



8 9 



18 16 

7 59 

7 62 

10 3 



0143 
0-ibO 
0-166 
0107 
0125 

0-137 
0-135 
0-144 
0-132 
0-107 
0-IS+ 
('•100 
115 

0-229 
0-244 



7 

7 
8 
7 
6 
7 
5 
6 

12 54 

13 43 



o-®o 

0314 
0-4S0 

0118 
0100 



0164 
0-267 



17 26 

22 47 

6 44 

5 43 

5 36 

9 19 

14 57 



Hie distinction between the friction of surfiu^es to which no 
SUent b present, tYvoseN^^vwiViat^Tcvci^-^ \v\v<cX>xQiv>&^«cA«QQ!CMi^ 
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between which a uniform stratum of the unguent is inter- 
posed, appears first to have been remarked by M. Morin ; it 
has suggested to him what appears to be the true explanation 
of the difference between his results and those of Coulomb. 
He conceives, that in the experiments of this celebrated en- 
gineer the requisite precautions had not been taken to exclude 
unguents from the sur&ces of contact. The slightest unc- 
tuosity, such as might present itself accidentally, unless ex- 
pressly guarded against — such, for instance, as might have been 
left by the hands of the workman who had given the last 
polish to the sur&ces of contact — is sufficient materially to 
fifiect the co-efficient of friction. 

Thus, for instance, surfaces of oak having been rubbed with 
bard dry soap, and then thoroughly wiped, so as to show no 
traces whatever of the unguent, were found by its presence to 
hare lost §ds of their friction, the co-efficient having passed 
from 0-478 to 0164. 

This effect of the unguent upon the friction of the surfaces 
may be traced to the fact, that their motion upon one another 
without unguents was always found to be attended by a 
wearing of both the surfaces ; small particles of a dark colour 
continually separated from them, which it was found from 
time to time necessary to remove, and which manifestly in- 
fluenced the friction : now with the presence of an unguent 
the finrmation of these particles, and the consequent wear of 
the sur&ces, completely ceased. Instead of a ne^ sur&ce of 
contact being continually presented by the wear, the same 
surBice remained, receiving by the motion continually a more 
perfect polish. 
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TABLE XVIIL 

£zn&ufENT8 ON Fmctiok with UvaoniTi XVTXKFOSXD, ST 
M. MoEnr. 

The extent of the surfiices in these experiments bore suoli a 
relation to the pressure, as to cause them to be separated from 
one another throughout by an interposed stratum of the 
unguent. 



SURFACES OF CONTACT. 



Friction 

OF 

Motion. 



FaicnoN 
or 

QUIBSCENCB. 



UNGUENTS. 



Oak upon oak, fibres parallel 
Ditto ditto 
Ditto ditto 
Ditto, fibre* perpendicular 
Ditto ditto 
Ditto ditto 
Ditto upon elm, fibres pa. 

rallel 
Ditto ditto 
Ditto ditto 
Ditto upon cast iron, ditto 
Ditto upon wrought ) 
iron, ditto j 

Beech upon oak. ditto 
Elm upon oak, ditto 
Ditto ditto 

Ditto ditto 

Ditto upon elm, ditto 
Ditto upon cast iron, ditto • 

Wrought iron upon oak, ditto 

Ditto ditto ditto . 

Ditto ditto ditto 

Ditto upon elm, ditto 

Ditto ditto ditto 

Dirto ditto ditto 
Ditto upon cast iron, ditto 

Ditto ditto ditto 

Ditto ditto ditto 

Ditto upon wrought > 
iron, ditto 3 

Ditto ditto ditto . 

Ditto ditto ditto -\ 



0164 
0-075 
OOfi? 
0-083 
0072 
0-250 

0-136 

0073 
0066 
0-080 

0C98 

0-056 
0-137 
0-070 
0-060 
0-139 
0-066 

0-256 

0-214 
0-085 
0-078 
0076 
0-055 
0-108 
0-076 
0-066 

0082 



0-440 
0164 

'0-254 
0-178 

'0-411 
0142 

'0-217 

0-649 

'0-IO8 



^•\\5 



Dry soap. 
TaUow. 
Hogs* lanL 
Tallow. 
Hogs' lard. 
Water. 

Dry soap. 
Tallow. 
Hogs' lard. 
Taillow. 

Tallow. 

Tallow. 
Dry soapt. 
Tallow. 
Hogs' lard. 
Dry soaa 
Tallow, 
r Greased an 
< saturated 
C with water. 
Dry soap. 
Tallow, 
Tallow. 
Hogs' lard. 
Olive oil. 
Tallow. 
Hogs' lard. 
Olive oU. 

TaUow. 





M5 1 


1 


TABLE XVIIl 


(e&nfi"rtw«f,) 


m 






Fucnov 


FltltlTTOlt 




^M 


^^v 




or 


or 






I 


SURFACES OF CONTACT. 


MoTicHt. 


QmiKsncB, 


UNGUEITTS. 


1 


ij 


L| 


z 




1 ^ 


1 "5 




4 


Wnraght Iron upon bmur? 


o^ioa 


. 


TiUow. 




t>itto dittd ditto' . 


0'07S 


- 


Hosi'ldr4 




^^H 


Ditta ditta ditto 


01778 




Olive oU. 


^H 


H^ 


Cut Iron upon Oik, ditto . 


018Sf 


: I 


Drjrftoap. 
rGrmnid, and 
J Batnmte*J i 
(.with W3t<a-, 


1 


^^Ki' 


Bilto ditto ditto - 


Otis 


O'Glfi 




^V 








^^^^B 


■ 


Ditto ditto ditttt . 


OD78 


O'lOO 


Tallow. 


^^^^1 




Ditto ditto ditto , 


(MJ75 




Hoga^ lanL 


^^^^H 




IJltto ditto Initio 


0t>75 


0-100 


Olfve DLL 


^^^^1 




Ditto upon elm, ditto 


0-Cf77 




Tallaw, 






Ditto ditto ditto - 


0061 




Olive oil. 






DUlo ditto ditto - 


0091 


^ 


C KogcMard and 
I ptumlMga 

Tallow. 






Ditto, ditto upon wfoiiglit > 
iron * , - J 
Ditto upwi rut iion 


- 


0*100 






0^14' 


* _ 


Water. 






OitiQ ditto 


OlSfT 




Soap. 
TallDw. 






Ditto d^tto 


0100 


O'lOO 






Ditto ditto < * 


0070 


O'lOO 


Uitgi* lajrd. 






Ditto ditto 


0-06« 




Olire OIL 






Ditto ditto > m 


O'OSS 1 


. 


f Lard mud 
tplnmbagf^ * 
l^low. 






Ditto upon brui - - 


0-1Q3 








Ditto dUto 


0-075 


. 


Hogi* laxd 






Ditto ditto 


(Hm 


_ 


Olive oiL, 






Copper upon o&k, Sbrei pa- 7 
tailcl fe - J 


0009 


0-100 


Tallow. 






Yellow topper upon (loit Iron 


GiTit 


O-IQS 


Tallow. 






Ditto ditto 


0W9 




Ho«9*Uid. 






Ditto ditto 


O06a 


_ 


OUvo ml. 






Broil upon cast Iron 


0-OBB 


lyiOfi 


Tallow. 






Ditto cUtto 


ovn 




01iy« oH. 






Ditto Mpon wroufht iron * 


0*OU1 


_ 


Tallow. 






DlUo ditto 


oDea 


- - 


r Lard and 
I plumbago, 






Ditto ditto 


(ras 


, 


Olive oiL 






Ditta upon brut 


oim 


_ 


Olive DcL 






Steel upon cait lifoii 


0105 


O'lOB 


Tallow. 






Ditto ditto 


O-OBI 




HogB' lard. 






Ditto ditta * . 


otmj 


. 


Olive iiiU 








o-oas 


_ 


Tallow, 






Ditto ditto 


0^076 


_ 


HoBi^ lard. 
T^illow. 








0056 


. 






Ditto ditto 


01153 


■m 


Olive oil. 






Ditm ditto 


Q-m 


- , 


r Lard and 

1 plurrbflf^ 






Tinned oit hMe upon CMt| 
iitm - - - 1 


D-36S 


\ ' ' 


fGrt+ii.'iiHl, and 


\ 


^ 


F V 




fl 


■ 




^_ 


^^ 


^^^^J 



484 ILLUSTRATIONS OF MECHANICS. 

TABLE XVIIL (amimmed.) 



SURPACIS OF CONTACT. 



FteiCTitiir 

or 
Manoir. 



FUcnow 



UNGUEMT& 



Tanned ox hide upon CMt 1 
iron - • - 3 

Ditto ditto 
Ditto upon briff 
Ditto ditto 
Dittouponoek 

Hempen fibres not twitted,' 
moving upon oalt.tlie fibres 
of the liemp being jdaced 
in a direction perpendicu- 
lar to the direction. of the 
motion, and thoee of tiie 
oak parallel to it 

The same as abore, moring } 
upon cast iron - - J 
Ditto ditto 

Soft calcareous stone of Jau-' 

) mont upon the same, witii 
a layer of jnortar, of sand, 
and lime, interposed after 
flrom )0 to 15 minutes' con. 
tact' - - - . 



0159 

0-lSS 
0-S4] 
0-191 
0« 



0-398 



0-194 
0-lSS 



Oitt 
0*809 



0-74 



Tallow. 

OliTeoil. 
Tallow. 
OUveoa 
Water. 



rOreaaed, an 

•{saturated 

Cwithwatar. 



Tallow. 
OUveoiL 



A comparison of the results enumerated in the above table 
Leads to the following remarkable conclusion, easily fixing 
itself in the memory, that with the unguents hogs' lard and olive 
oil interposed in a continuous stratum between them, surfaces of 
wood on metaJ, wood on wood, metal on wood, andmetal on metal, 
when in motion, have aU of them very nearly the same co-efficient 
of /fiction, the value of Hiat co-efficient being in all cases included 
between 0*07 and 0*08, and the limiting angle of resistance there- 
fore between 4° and 4° 35'. 

For the unguent tallow the co-efficient is the same as the above 
in every case, except tn that of metals upon metals ; this un- 
guent seems less suited to metallic surfaces than the others, and 
gives for the mean value of its co-efficient 0*10, and for its limiting 
angle of resistance 5^ 43'. 

The experiments of which the above are results were all 
made under considerable pressures, such as those under which 
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the parts of the larger machines are accustomed to move 
upon one another : under such pressures the adhesion of the 
unguent to the surfaces of contact, and the opposition pre- 
sented to their motion by its viscidity, are causes whose in- 
fluence may be altogether neglected as compared with the 
friction. In the case of lighter machinery, as, for instance, that 
of clocks and watches, these considerations rise, howerer, into 
importance. 



TABLE XIX. 

COMPA&ISOM OF F&XVCH AMD EhOUSH MxASUKlt. 



MEASURES OF LENGTR 


French* 


EDglifh. 


Millimetre 
Centimetre 
Decimetre 

Mdtre 

Myriamdtre 


0-OS987 inch. 

0*983708 inch. 

31^079 inches 
(99-37079 inchei. 
.; 3-2808992 feet. 
C 1-093636 yard. 
' 6-2138 mUes. 
I 


MEASURES OF SUPERFICIE& 


Mdtre Carr§ 

Are 

Hectare 


1 196033 square yard. 
0-096845 rood. 
2-471143 acret. 


MEASURES or CAPACllT. 


Litre 

DecaUtre 
Hectolitre 


S 1-760773 pint. 
t 0-2200967 gallon. 
2-9009668 gallons 
22-009668 galloDii 
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TABLE XIX. (cmlfaiMdL) 



HEASUBBI OF WEIGHT. 


VmndL 


»««. 


Onmmt 
KilQgniniM 


CIS-^M gnimi, tror. 

C 0*08216 oonoM, troy. 
r 8-68QS7 pounds troy. . 



THE END. 



London ; 

Spottiswooob and Shaw, 

Kew.street- Square. 
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